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ABSTRACT 
Introduction: Back pain can have a significantly negative influence on people’s lives, 
whether it be at work, during exercise, social activities or even during sleep. There has 
been a lot of research which confirms the positive effects of lumbar spine manipulation 
in the treatment of mechanical back pain and re-establishing optimal joint 
performance, however, very limited research has been done on the effectiveness of 
dynamic tape in the treatment of mechanical low back pain, in isolation or combined 
with manipulation of the lumbar spine. Dynamic tape is a bio-mechanical tape which 
reduces the load or work placed on a joint. 
Aim: The aim of this study was to determine the efficacy of chiropractic manipulation 
and dynamic taping of the lumbar spine in isolation and then as a combined therapy 
in the treatment of chronic mechanical low back pain. The results were based on the 
use of the numerical pain rating scale (NPRS) and the Oswestry and Pain disability 
Index questionnaire (ODI) on low back pain to assess subjective pain and disability as 
well as the digital inclinometer to assess objective lumbar ROM. This study also aimed 
to provide chiropractic practitioners with an alternative protocol in treating chronic 
mechanical low back pain. 
 
Method: This was a comparative study utilising convenience sampling and random 
group allocation methods to separate participants between the ages of 18 and 56 
years into three groups of ten participants each. All the recruited participants 
presented with chronic mechanical low back pain. Group one received lumbar spinal 
manipulative therapy, while the second group received dynamic taping to the lumbar 
spine, and third group of participants received a combination of both treatments.  
Procedure: This study consisted of six treatment consultations and a seventh 
consultation that was for obtaining the final objective data and subjective data only. All 
the participants were individually assessed over a four-week clinical trial period. 
Objective data was obtained using a Digital Inclinometer to assess lumbar spine range 
of motion. Subjective data was obtained using two methods which were the NPRS and 
the ODI. The subjective and objective data were recorded at the beginning of the first, 
fourth and seventh consultations.  
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Results: The subjective and objective data that was collected by the researcher was 
analysed by statisticians from STATKON at the University of Johannesburg. With 
regards to the intragroup and intergroup analysis of this study, non-parametric tests 
were used to analyse the raw data obtained by the researcher as the Shapiro-Wilk test 
for normality indicated that the data was not normally distributed. The intragroup 
analysis was done using the non-parametric Friedman test and post-hoc Wilcoxon 
Signed Ranks test. The intergroup analysis was done using the Kruskal-Wallis test.  
There were statistically significant improvements in the NPRS and the ODI scores for 
all the groups, with special mention given to group 1 and group 3, whose results were 
most impressive. The groups that included spinal manipulative therapy as part of their 
protocols had the most effect on decreasing pain from visits 4-7 but showed similar 
trends for visits 1-4 when compared to the group with dynamic taping. All the groups 
had statistically significant improvements when increasing the range of motion in these 
participants. The groups that included spinal manipulative therapy had a greater effect 
on increasing extension compared to the dynamic taping group.  
Conclusion: This study showed that the two groups that included spinal manipulative 
therapy showed very similar and superior trends/outcomes through the trial when 
compared to just the dynamic taping group alone. The reason for this could be that the 
spinal manipulative therapy had a direct as well as indirect effect on the spinal joints, 
which may have been the root cause for the participants chronic low back pain. The 
dynamic tape may have had an indirect (offloading) and generalized effect on muscles 
but may not have treated the root cause of the mechanical low back pain. 
All the treatment protocols proved to be effective in treating chronic mechanical low 
back pain as all the groups showed impressive statistically significant results in 
decreasing and improving range of motion in the participants. This research may have 
provided an alternative independent treatment protocol for chronic mechanical low 
back pain sufferers, especially in the case of patients with any contra-indications to 
manipulation and other chiropractic techniques. 
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CHAPTER ONE – INTRODUCTION 
 
1.1 Problem statement 
Low back pain is one of the leading injuries affecting the majority of women and men worldwide. A study by 
Major-Helsloot (2010), “Low back pain and associated factors among users of community health centres in 
South Africa: a prevalence study”, revealed that the lifetime prevalence of low back pain for South Africans 
was about 76.49%, with 37% of those suffering from chronic low back pain (Major-Helsloot, 2010). It was 
estimated that 80% of the world’s population may suffer from some type of back pain in their lives (American 
Chiropractic Association, 2019).  According to a study “ranking the most burdensome conditions in the U.S. 
in terms of mortality or poor health as result of disease,” low back pain was ranked in third place. This ranking 
follows ischemic heart disease in first place and obstructive pulmonary disease in second (Ninds.nih.gov, 
2018). Back pain also plays an influential role in the economy. According to the American Chiropractic 
Association, “back pain accounts for more than 264 million lost work days in one year” (American Chiropractic 
Association 2019). Chronic mechanical low back pain is an important concept involving the type of pain that 
often develops due to problems with basic postural ergonomics during standing, sleeping or sitting activities, 
as well as defective lifting or exercise techniques (Spine health, 2017). The problems developing from 
abnormal forces acting on the spine as a result of incorrect postural ergonomics could often lead to spinal 
imbalance and functional alterations in the spine and surrounding muscles, resulting in a spinal segment 
becoming restricted in its normal motion or injury (Cramer, Henderson, Little, Daley and Grieve,  2010). A 
lesion or dysfunction may occur in a joint of the spine or motion spinal segment, in which movement integrity, 
alignment and physiological function are altered, although contact between the joint surfaces remains intact 
(Gatterman, 2005).  
Dynamic tape, when compared to other types of tapes, is a relatively new product for supportive taping. It is 
a biomechanical tape that acts to reduce the load on structures whilst storing the energy that builds up in the 
elastic material during eccentric contraction. When the end range of motion is reached, it re-injects the energy 
back into the movement, assisting the muscles and joint in concentric contraction (Dynamic Tape, 2017). 
There has been much research regarding kinesio-taping for low back pain (Celenay and Kaya, 2017), which 
is a completely different taping method that uses a different mechanism of action. It is therefore fitting to 
explore what dynamic taping could contribute to low back pain relief. The efficacy of dynamic tape combined 
with chiropractic manipulation in treating chronic mechanical low back pain has yet to be investigated. 
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1.2 Aim of the study 
The aim of this study was to determine the efficacy of chiropractic manipulation and dynamic taping of the 
lumbar spine in isolation and then as a combined therapy in the treatment of chronic mechanical low back 
pain. 
 
1.3 Benefits of the study 
This research may provide an alternative independent treatment protocol for chronic mechanical low back 
pain sufferers, especially in the case of patients with any contra-indications to manipulation and other 
chiropractic techniques. The combination treatment protocol of manipulation and taping may be the superior 
protocol, as it makes use of both the immediate mechanical and pain-modulating effects of manipulation and 
the prolonged effects of taping, which continue to act on the tissues for as long as the tape remains secured 
to the low back. Dynamic taping of the low back may have a more delayed or limited effect in terms of pain 
relief compared to the chiropractic manipulation, but both in combination or isolation may prove to be effective 
chiropractic protocols to treat low back pain. 
The participants could benefit from their participation in the study, as chiropractic manipulation is known to 
reduce back pain, as well as keep the joints of the lumbar spine functioning at optimal levels (Cramer, Cantu, 
Fergus, Gregerson, Laptook, Pocius, Raju, and Selby, 2011). Dynamic tape is designed to decrease load 
and work placed on the structures such as muscles and joints of the low back and may therefore lead to a 
decrease in pain (Dynamic tape, 2017). 
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CHAPTER TWO - LITERATURE REVIEW 
 
2.1 Introduction 
Back pain can have a significantly negative influence on people’s lives, whether it be at work, during exercise, 
social activities or even during sleep. 
Contributing factors of mechanical low back pain could involve one of three main factors: 
1) Dysfunction in the lumbar spine facet joints (zygapophyseal joints); 
2) Intervertebral discs and the surrounding components and weakness of these discs; 
3) Dysfunction in the muscles of the low back (Cleveland Clinic, 2019). 
There has been a lot of research which confirms the positive effects of lumbar spine manipulation in the 
treatment of mechanical back pain and re-establishing optimal joint performance (Evans, 2002). However, 
very limited research has been done on the effectiveness of dynamic tape in the treatment of mechanical low 
back pain, in isolation or combined with manipulation of the lumbar spine.  
In this chapter, the important structures that are involved in mechanical low back pain has been discussed, 
as well as discussing the two therapeutic treatments - chiropractic manipulation and dynamic taping - that 
will be investigated for the treatment of such pain. 
 
2.2 Functional Anatomy of the Lumbar Spine 
 
2.2.1 Lumbar vertebrae 
There are 5 lumbar vertebrae in the low back. This part of the spine can be found inferior to the thoracic 
vertebral region and superior to the sacrum of the spine. 
The bodies of the lumbar vertebrae are much larger than other sections of the spine, as they need to be able 
to support more weight and the force that comes from gravity. 
The bodies of L4 and L5 vertebrae are higher anteriorly than posteriorly, forming a wedge shape. The upper 
two lumbar vertebrae are opposite in relation, with these vertebrae being higher posteriorly than they are 
anteriorly (Galbusera and Wilke, 2018). The lumbar vertebrae are wider laterally than they are 
anteroposteriorly, and thicker laterally than their height (Moore, Dalley and Agur, 2010). 
A lumbar vertebra consists of the following main features (refer to figure 2.1): a large body, two intervertebral 
foramina, one vertebral foramen, two long transverse processes, two accessory processes, two mammillary 
processes, two facet joints, two laminae and a spinous process. The large body is often kidney-shaped when 
viewed from above. On lateral view the two intervertebral foramina are triangular in shape. The two long, slim 
transverse processes project laterally and posterosuperiorly, with accessory processes on their posterior 
surface at the base of each process. There are four articular processes (two superior and two inferior) that 
form bilateral zygapophysial joints when joining to the adjacent vertebra above or below (Jaumard, Welch 
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and Winkelstein, 2011). There are mammillary processes on the posterior surface of each superior articular 
process of the zygapophysial joints. Pedicles arise bilaterally from the posterior aspect of each vertebral body 
to join to the transverse process and the junction of the superior and inferior articular processes on each 
side. From the conjoined mass on each side just described, the laminae arise bilaterally, and run 
posteromedially to join at the single spinous process of that vertebral segment. In the lumbar region, the 
spinous processes are short, thick and often quite square or hatchet-shaped, making up the posterior aspect 
of each vertebra (Moore, et al., 2010). 
The boundaries of the posterior aspect of the vertebral body, the bilateral pedicles and bilateral lamina, form 
the vertebral foramen through which the spinal cord runs. The intervertebral foramen is formed by the 
boundaries of the posteriorlateral aspect of the adjacent vertebrae, the intervertebral disc and the anterior 
surface of the zygapophysial joint. The foramen allows for nerve roots, arising from the spinal cord, to pass 
through it, to innervate different parts of the body at different levels (Moore, et al., 2010). 
 
Figure 2.1 Lumbar vertebra (Hansen and Netter, 2010) 
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2.2.2 Joints and ligaments of the lumbar spine 
 
a) Lumbar zygapophyseal joints of the spine: 
Joints of the vertebral arches are called zygapophyseal joints (or facet joints) (refer to figure 2.2.). These are 
simple synovial joints that form bilaterally along each of the posterolateral aspects of the spinal joint complex, 
between the inferior articulate process from the vertebra above and the superior articulate process from the 
vertebra below (Jaumard, et al., 2011). The concave superior articular facets face posteriorly and medially, 
whereas the inferior convex articular facets face anteriorly and laterally (Moore, et al., 2010). The articular 
surface of both the superior and inferior articular facets are lined with hyaline cartilage to assist with smooth 
joint movements. Each of these joints is covered by a thin ligament capsule, the ligamentum flavum, 
posterolaterally and anteromedially (Ebraheim, Hassan, Lee and Xu, 2004). A synovial membrane lines the 
inside of these ligaments and forms synovial folds/menisci (fibro-adipose, central projections of the joint 
capsule that do not enter between the articular surfaces), which help to support the joint in its articulations. 
The multifidus lumborum muscles, other deep muscles of the back and the ligamentum flavum are attached 
to the joint capsule and are able to pull the capsule and meniscoids out from between the facet joints (Cramer 
and Darby, 2014). 
The facet joints in the upper lumbar spine are generally oriented in the sagittal plane, which allows for greater 
flexion and extension movements, but limits axial rotation (Cramer and Darby, 2014). These zygapophyseal 
joints allow some sort of gliding movement between superior and inferior articular processes. In the lumbar 
spine these joints share some weight-bearing function (especially in upright standing or extending posture of 
the spine), and could often be a source of pain if there is a dysfunction of these particular joints such as 
restrictions, sprains or mensicoid entrapment (Moore, et al., 2010). 
 
b) Intervertebral joints of the lumbar spine 
The vertebral bodies of two adjacent vertebrae articulate with one another by a symphysis joint, known as 
the intervertebral (IV) disc (refer to figure 2.2.). These vertebral articulating surfaces, which are an elevated 
rim found on the superior and inferior vertebral bodies filled with a thin layer of hyaline cartilage, are called 
vertebral endplates. Each IV disc is comprised of an outer fibrocartilage layer made up of concentric lamellae 
(comprised of mainly type 1 collagen fibres), referred to as the annulus fibrosus, and an inner gelatinous 
mass called the nucleus pulposus (comprising mainly type 2 collagen fibres and proteoglycan matrix) 
(Shapiro and Risbud, 2014). The annulus fibrosus fibres insert into the epiphyseal rims on the corresponding 
articular surfaces of the vertebral bodies. The adjacent lamellae cross each other obliquely in opposite 
directions at different angles. This preparation forms a strong connection and limits rotation between the 
adjacent vertebral bodies (Galbusera and Wilke, 2018). 
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The nucleus pulposus is comprised of approximately 88% water and is built up of a jellylike proteoglycan 
matrix rather than a fibro-cartilaginous material, unlike the annulus fibrosis which surrounds and supports it 
(Galbusera and Wilke, 2018). The contents of the nucleus pulposus act as a non-compressible mass that 
bulges out in different directions against the intact fibres of the annulus fibrosus, in order to distribute the 
forces equally over the adjacent vertebral bodies’ articular surfaces. The gelatinous nature of the annulus 
fibrosis is accountable for much of the flexibility and pliability of the IV disc, as well as the entire spinal column. 
The outer third of the IV disc of the annulus only receives sensory innervation. The disc is relatively avascular 
and can only receive nutrition from a profusion of blood and nutrients in the outer layer of the IV disc and 
vertebral body (Moore, et al., 2010). 
In the lumbar spine, the IV disc is thicker than in any other part of the spine, and the annulus fibrosus is 
thinner posteriorly than it is anteriorly, which allows for the curve of the natural lordosis of the lumbar spine. 
The nucleus pulposus is found slightly posterior of the centre mark of the IV disc in order to act as an efficient 
fulcrum to combat the gravitational forces that act from above the spine in relation to the primary and 
secondary curves of spine (Moore, et al., 2010). 
The two different parts of the IV disc work together to act as a shock absorber when forces or energy get 
transferred through the spinal column. They act in this way by widening laterally when compressed and 
thinning longitudinally when a tension or stretch force is applied. The IV disc may experience simultaneous 
forces on certain movements such as flexion and rotation, which may, with few extreme forces or many low-
grade repetitive forces over time, compromise the IV disc and that spinal segment (Moore, et al., 2010). 
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Figure 2.2 Joints and ligaments involved in the lumbar spine (Hansen and Netter, 2010) 
 
 
c) Accessory ligaments of the intervertebral joints and spinal column in the lumbar spine 
The anterior and posterior longitudinal ligaments are integral structures in supporting the spinal column. The 
thick anterior longitudinal ligament supports the anterolateral aspects of the vertebral bodies and IV discs 
joints along the whole spine (refer to figure 2.2). This ligament therefore restricts extension of the spine, 
limiting - to some extent - hyperextension injuries. The posterior longitudinal ligament, which is much thinner, 
lines the posterior aspects of the vertebral bodies and IV discs in the spinal canal (refer to figure 2.2) 
(Galbusera and Wilke, 2018). This ligament is highly innervated with nociceptive nerve endings, which may 
be interpreted by the brain as pain if there is some dysfunction, disc protrusion or injury (Moore, et al., 2010). 
The ligament also has a slight support against hyperflexion of the spine and may provide an opposite force 
or barrier to deflect an IV disc herniation, moving in a posterior direction. 
The ligamentum flavum is a yellow, thin and elastic type of tissue that joins the laminae of adjacent vertebra 
(refer to figure 2.2.). This ligament has vertical fibres from the lamina below to the lamina above and blends 
posteriorly with the same ligament from the other side (Cramer and Darby, 2014). The coming together of 
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both of the ligamentum flavum, from opposite sides, forms, in conjunction with the vertebral arch, the posterior 
wall of the vertebral canal. These ligaments prevent adjacent spinal segment separation, as well as protect 
the IV discs by resisting flexion. The ligaments may maintain normal curvatures and, with their elastic recoil 
nature, they may allow for the returning of the vertebral column to a normal position after a flexing movement 
of the spine. 
The supraspinous and interspinous ligaments form between the adjacent spinous processes of each spinal 
segment along the whole spine (refer to figure 2.2). They also limit flexion and assist in postural support. The 
intertransverse ligaments bridge adjacent transverse processes and may limit lateral flexion and, to some 
degree, forward flexion (Cramer and Darby, 2014). 
 
d) Lumbo-sacral joints 
The L5 vertebra articulates anteriorly with the S1 vertebra via the most caudal IV disc. Posteriorly the adjacent 
vertebrae join in bilateral manner at the two zygapophysial joints, where the descending, anterolateral facing, 
articular processes from the L5 connect with the ascending, posteromedially facing, articular processes of 
the S1 vertebra (Cramer and Darby, 2014). Iliolumbar ligaments fan out and attach the transverse processes 
of L5 to the ilia on both sides (Galbusera and Wilke, 2018). This joint may be considered as a weak joint, as 
there is an anterior inclination of the sacrum which may predispose for the anterior slippage of the L5 vertebra. 
Both the orientation of the facets and the iliolumbar ligaments help to prevent any anterior slippage of the L5 
and lumbar region on the sacrum which could result in a spondylolisthesis (Cramer and Darby, 2014). 
 
e) Nerve endings and the nerves involved in lumbar spine joints 
Each facet joint is usually innervated by two (or sometimes more) of the medial branches that arise from the 
posterior rami of spinal nerves from the spinal segments above and below (Moore, et al., 2010). 
The recurrent meningeal branches of spinal nerves (or the sinuvertebral nerve) supply most of the periosteum 
of the vertebral body, IV discs and ligaments (Moore, et al., 2010). These nerves arise from the ventral ramus 
and sympathetic nerves, and then return through the intervertebral foramen to supply the posterior aspect of 
the outer third of the IV-disc, posterior longitudinal ligament, anterior spinal dura mater and posterior aspect 
of the vertebral body (Edgar, 2007). 
There are three types of receptor nerve endings in synovial joints: 
-Types l and ll mechanoreceptors: stimulated by increases in tension from movements in the tissue in which 
they are embedded. 
-Type lV nociceptors: normally inactive at rest but may become active when abnormally high tensions occur 
in the articular tissues, or when the receptors are met with high levels of inflammatory chemical substances 
(McLain, 1994). 
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2.2.3 Muscles of the lumbar region involved in low back pain 
The muscles that have been described under this heading are the muscles directly involved in this 
investigation, such as the erector spinae group, the transversospinalis group, interspinales and 
intertransversarii muscles (seen in tables 2.1, 2.2 and 2.3: figures 2.3 and 2.4). Although the quadratus 
lumborum, psoas and illiacus muscles may contribute to low back pain, they are not described as they are 
much deeper muscles and not directly involved in the investigation. 
 
 
Table 2.1 Erector spinae group (Moore, et al., 2010) 
Muscles Proximal 
attachment 
Distal attachment Nerve 
supply 
Main action 
Iliocostalis 
 
 
 
 
 
 
Common 
proximal 
attachment: 
 
Arises by a broad 
tendon from the 
posterior part of 
the iliac crest, 
posterior surface 
of sacrum, 
sacroiliac 
ligaments, sacral 
and inferior 
lumbar spinous 
processes and 
supraspinous 
ligament. 
Iliocostalis: 
Lumborum, thoracis, cervicis; 
fibres run superiorly to angles 
of lower ribs and cervical 
transverse processes. 
 
 
Common 
nerve 
supply: 
 
Posterior 
rami of 
spinal 
nerves. 
 
Similar actions: 
 
 
Acting bilaterally: 
Extends vertebral 
column and head; 
when back is 
flexed, controls 
movement via 
eccentric 
contraction 
 
Acting 
unilaterally: 
Laterally flex 
vertebral column. 
 
 
Longissimus Longissimus: 
Thoracis, cervicis, capitis; 
fibres run superiorly to ribs 
between tubercles and the 
angles to the transverse 
processes in the thoracic and 
cervical regions, and to the 
mastoid process of temporal 
bone. 
 
Spinalis 
 
Spinalis: thoracis, cervicis, 
capitis; fibres run superiorly to 
spinous processes in the 
upper thoracic region and 
cranium. 
 
10 
 
 
Figure 2.3 Deep muscles of the lumbar spine (Hansen and Netter, 2010).
 
Figure 2.4 Intermediate muscles of the lumbar spine (Hansen and Netter, 2010). 
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Table 2.2 Transversospinalis group (Moore, et al., 2010) 
Muscles Proximal attachment Distal attachment Nerve 
supply 
Main action 
Multifidus 
 
 
 
 
Arises from posterior 
sacrum, posterior superior 
iliac spine of ilium, 
aponeurosis of erector 
spinae, sacroiliac 
ligaments, mammillary 
processes of lumbar 
vertebrae, transverse 
processes of T1-T3, 
articular processes of C4-
C7. 
 
 
Spinous process of 
more superior 
vertebrae. 
 
Thickest in lumbar 
region, fibres pass 
obliquely 
superomedially to entire 
length of spinous 
processes, located 2-4 
segments superior to 
proximal attachment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Posterior 
rami of 
spinal 
nerves. 
Extension 
 
Stabilises 
vertebrae during 
local movements 
of vertebral 
column. 
 
Rotatores Arises from transverse 
processes of vertebra. 
Fibres pass 
superomedially to attach 
to junction of lamina and 
transverse process or 
spinous processes of 
vertebra immediately 
(brevis) or 2 segments 
(longus) superior to 
vertebra attachment. 
Stabilise vertebra 
and assist with 
local extension 
and rotatory 
movements of 
the vertebral 
column, may 
function as 
organs of 
proprioception. 
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Table 2.3 Other muscles involved (Moore, et al., 2010) 
Muscles Proximal 
attachment 
Distal 
attachment 
Nerve supply Main actions 
Interspinales Superior surfaces 
of spinous 
processes of 
cervical and lumbar 
vertebrae. 
 
 
Inferior surfaces 
of spinous 
processes of 
vertebra superior 
to vertebra of 
proximal 
attachment. 
 
Posterior rami of 
spinal nerves. 
Aid in extension 
and rotation of 
vertebral column. 
Intertransversarii 
 
Transverse 
processes of 
cervical and lumbar 
vertebrae. 
 
 
Transverse 
process of 
adjacent 
vertebrae. 
Aid in lateral 
flexion of 
vertebral column; 
acting bilaterally, 
stabilises 
vertebral column. 
 
 
2.3 Biomechanics of the Lumbar Spine 
 
2.3.1 Biomechanics of the lumbar spine complex 
Motion of the lumbar spine complex occurs in the following ways: 
Flexion 
During flexion, the upper vertebral body moves anteriorly, which compresses the IV disc anteriorly, forcing 
the nucleus pulposus more posteriorly and stretching the annulus fibrosus fibres posteriorly while resisting 
flexion (Kolber and Hanney, 2009). 
The inferior articular processes slide anteriorly and superiorly on the superior articular facets of the vertebra 
below in an attempt to separate. The ligamentum flavum, interspinous, supraspinous, posterior longitudinal 
ligament and articular capsules stretch and limit the flexion motion (Cramer and Darby, 2014). 
Flattening of the lumbar lordosis occurs during the flexion motion, with maximal range of motion at the lower 
lumbar level and progressively decreasing in a cephalad direction. 
Tilting of the pelvis allows for some additional flexion. Flexion is first initiated by the abdominal and iliopsoas 
muscles and, with the help of the eccentric control of erector spinae and quadratus lumborum muscles, the 
body will flex forward. The reverse will occur when returning to neutral or extension (Moore, et al., 2010).  
Normal lumbar spine flexion range of motion is 40-60° (Magee, 2008). 
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Extension 
The vertebral body moves posteriorly, which compresses the posterior fibres of IV disc, forcing the nucleus 
pulposus anteriorly, thus stretching the anterior fibres of the annulus fibrosus, which limits the extension 
motion (Kolber, 2009). Approximation of the articular facets occurs, and they may lock or prevent further 
movement due to bony restriction. Stretch and tension in the anterior longitudinal ligament also helps limit 
extension (Cramer and Darby, 2014). Extension is initiated by concentric contraction of the posterior back 
muscles and quadratus lumborum bilaterally, with eccentric contraction of the ilio-psoas and abdominal 
muscles (Moore, et al., 2010).  According to Magee (2008), normal lumbar spine extension range of motion 
is 20-35°. 
 
Lateral flexion 
During lateral flexion, the IV disc is compressed on the side of lateral flexion, forcing the nucleus pulposus to 
the contralateral/opposite side and stretching the fibres of the annulus fibrosus on the contralateral side 
(Kolber, 2009). 
The intertransverse ligaments, ligamentum flavum and joint capsules relax on the ipsilateral side and are 
stretched or tensioned on the contralateral side. The articular facets on the contralateral side are raised in 
the coronal plane and lowered on the ipsilateral side in the coronal plane. Lateral flexion is initiated by 
contraction of the ipsilateral erector spinae, transversus abdominis, internal and external oblique, rectus 
abdominis and quadratus lumborum muscles. While this lateral flexion occurs, there is an eccentric 
contraction of the contralateral muscles (Moore, et al., 2010). 
Normal lateral flexion in the lumbar spine ranges from 15-20° (Magee, 2008). 
 
Rotation 
There is very limited rotation in the lumbar spine, and it is normally a combination of thoracic and lumbar 
rotation, which allows for rotation of the spine with a much greater contribution from the thoracic part of the 
spine. The centre of rotation of the posterior portion of the functional joint complex, i.e. facet joints, does not 
correspond exactly with the actual centre of rotary movement. Therefore, on rotation, the articular facets of 
the contralateral side approximate and the ipsilateral articular facets attempt to separate (Painter, 2011). 
Rotation is initiated by contraction of the transversus abdominis muscle, oblique parts of the abdominal 
muscles and the intrinsic muscles of the spine such as the rotatores and multifidi (Moore, et al., 2010). The 
IV disc is not directly involved in rotation but, with the orientation of fibres and surrounding ligaments, it may 
limit some rotation movement of the lumbar spine. 
The normal range of motions for rotation of the lumbar spine is minimal, the range being approximately 5° to 
one side (Magee, 2008). 
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2.4 Chronic Mechanical Low back Pain 
Chronic mechanical low back pain refers to the source of pain arising from noxious stimulation of somatic 
tissues from the following structures in the lumbar region: 
• Spinal joints (facets, intervertebral discs, sacroiliac joints) 
• Disc dysfunction (bulge, protrusion or herniation) 
• Vertebral segment restriction 
• Soft tissues spasm, restriction or injury (Bogduk, 2009). 
 
Pain arising from low back structures may be described as either nociceptive back pain or somatic referred 
pain. Nociceptive back pain must be pain that is evoked by noxious stimulation of structures in the lumbar 
spine (Bogduk, 2009). This noxious stimulation results in a dull, aching pain in the area of the low back, and 
could be used clinically as one of the symptoms to show that a patient is struggling with some sort of 
mechanical back pain. 
Somatic referred pain, once settled, tends to be fixed in location. This pain may be perceived in regions 
innervated by other nerves other than those that innervate the exact site of the noxious stimulation (Bogduk, 
2009). The origin of this type of pain is also from somatic tissues of the lumbar spine. 
According to Bogduk (2009), this type of pain can also be felt as “dull, aching, gnawing and sometimes 
described as an expanding pressure.” The pain does not follow a dermatomal pattern when it refers into the 
gluteal region or lower limbs, and could often be a challenge to localise. “The proposed mechanism of referral 
is convergence of nociceptive afferents on second-order neurons in the spinal cord that happen to also 
subtend regions of the lower limb” (Bogduk, 2009). To simplify its explanation, somatic referred pain could 
be recognised in distant areas that share the same innervation as the source structure that is stimulated. 
Somatic referred pain does not involve compression or stimulation of nerve, therefore there will be no 
neurological signs, and it is important to differentiate it from visceral referred pain and radicular pain. 
Radicular pain involves nerve roots and is described as “lancinating, shocking, or electric” (Bogduk, 2009). 
 
2.5 Chiropractic Manipulation 
As one of their main tools, chiropractors use lumbar spine manipulation to treat mechanical low back pain. A 
chiropractor would assess the individual for decreased motion or an altered static segment between 
corresponding vertebral bodies of the lumbar spine. A chiropractic manipulation occurs when a high velocity, 
low amplitude thrust is applied to a segment to correct a restricted motion, and aims to create positive 
neurological changes (Banks and Hengeveld, 2014). The joint is moved past the normal physiological and 
elastic barrier into the paraphysiological space during the manipulation, which allows for the motion segment 
to regain its full motion (Mills, 2018). There is confirmatory evidence that shows lumbar manipulation as being 
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an effective treatment for low back pain (Bergmann and Peterson, 2011).  In a study done by Descarreaux 
Descarreaux, Blouin, Drolet, Papadimitriou and Teasdale (2004), it is stated that “intensive spinal 
manipulation is effective for the treatment of chronic low back pain” (Descarreaux et al., 2004). The results 
of another study in the Journal of Manipulative and Physiological Therapeutics show that spinal manipulation 
has a beneficial effect on some patients with low back pain, with evidence of lower electromyography activity 
of hyperactive paraspinal muscles after spinal manipulation (DeVocht, Pickar and Wilder, 2005). Chiropractic 
manipulation has been shown to have a neurological reflexogenic relaxation/facilitation effect on the adjacent 
soft tissues relating to the segment which is manipulated, as well as an effect on breaking surrounding 
dysfunctional adhesions (Cramer et al., 2011). Chiropractic manipulation has a corrective effect on restriction 
and creates gaps in the spinal facet joints, which has an effect on the intervertebral discs and foramina, 
alleviating pressure and irritation of nerves (Cramer et al., 2011). 
 
2.6 Dynamic Tape 
Dynamic tape is a biomechanical tape that functions to provide stability. It could be used to create changes 
in the length-tension relationship of muscles that could be seen to improve the capacity of the muscle to 
generate force, compensate weak or injured muscles, and contribute to handling loads and assist in 
movement patterns. Dynamic tape is made of nylon and lycra cloth, and is designed to stretch in all four 
directions with no restrictive end point. It absorbs the load of the eccentric movement and then quickly re-
injects it back into the movement when concentric contraction occurs (Dynamic Tape, 2017). The tape is 
applied over the area in a shortened position and allows for a full range of motion of the joint. A portion of the 
load is alleviated off injured or healing joints by this taping technique. The tape assists the concentric 
movement of the weaker muscles surrounding the joint, using a bungee-like recoil (McNiell and Pedersen, 
2009).  
Dynamic tape is often compared to kinesio-tape, but they are completely different. Kinesio-taping is a 
rehabilitative taping technique that makes use of a cotton material that is only designed to stretch in two 
directions (Kinesiotaping.com, 2016). The tape is taped with the muscle or joint in the lengthened position. It 
is thus obvious that kinesio-tape is designed for a different purpose, such as to lift skin for drainage or take 
pressure off pain-sensitive structures. Kinesio-tape may also facilitate or inhibit muscles depending on the 
taping direction. There has been some research confirming kinesio-taping as having an improved effect on 
postural stability and pain in chronic low back pain and resulting in pain relief and lumbar function 
normalisation shortly after application (Paoloni, Bernetti, Fratocchi, Mangrone, Parrinello, Cooper, Sesto, Di Sante, 
and Santilli, 2011), but there is no research into dynamic taping for the same condition, and thus arises an 
important investigation regarding the use of dynamic tape as an effective technique in chronic low back pain 
relief. 
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CHAPTER THREE - METHODOLOGY 
 
3.1 Study Design 
This was a comparative study, comparing three groups whose treatment comprised lumbar spine 
manipulation, dynamic taping, and a combination of both. 
 
3.2.1 Participant recruitment 
Participant recruitment occurred via advertisements (Appendix A) placed on the UJ Chiropractic Clinic notice 
boards, walls, academic social media groups and around the University of Johannesburg’s Doornfontein 
campus. 
 
3.2.2 Sample selection and size 
A total of 30 participants between the ages of 18-55 of both genders that met the inclusion criteria and that 
were excluded from the exclusion criteria were selected for this study. The participants were required to read 
an information form (Appendix B) that had all the necessary information about the investigation and trials, 
and sign a consent form (Appendix C) to allow for the start of the participant’s trial. A sample size of 30 was 
chosen for the purpose of convenience sampling application. 
 
3.2.3 Inclusion criteria 
The following criteria were met for participation in the study: 
• Males and females 18-55 years old (these ages were chosen to limit the likelihood of seeing patients with 
the severe degenerative disease that can occur in some older patients, and to prevent the need for parental 
consent in patients younger than 18 years old). 
• A history of mechanical low back pain for longer than 6 weeks (Appendix D). 
• The participants were able to be treated 6 times in 3 weeks, with an additional 7th consultation to have a 
final reading taken. 
• Reading the information sheet (Appendix B) and signing the consent form (Appendix C). 
 
3.2.4 Exclusion criteria 
The participants were excluded from this study if they were known to have any of the following discredits: 
•Contra-indications to chiropractic manipulation therapy (Appendix E). 
•Contra-indications to dynamic taping applications (Appendix F). 
•Acute or subacute mechanical back pain for less than 6 weeks. 
•Back pain that was non-mechanical in nature (i.e. Neoplasia, infection, Pagets, Sheuermanns disease and 
inflammatory arthritis of the back (Jeffrey and Deyo, 2002)). 
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•Trauma to the back and spine in the previous six months (e.g. motor vehicle accident (MVA), falling onto the 
back, blows to the spine by an external source). 
•Unable to attend the prescribed schedule of treatment. 
•Systemic diseases as described in Appendix E. 
 
3.2.5 Group allocation 
After a compilation of a full history and physical examination, participants that did not meet the inclusion 
criteria and those that had any of the exclusion criteria were excluded from the study. 
Randomised sampling was applied, and the 30 participants that had the required attributes were asked to 
randomly pick a group number from a hat (1, 2 and 3 representing the three groups), until each group was 
full. 
 
3.3 Treatment Approach 
 
3.3.1 First visit 
The researcher first engaged in a process of examination with each participant involving a case history 
(Appendix K), physical examination (Appendix L) and a lumbar spine regional examination (Appendix H). 
Objective data was then recorded by measuring range of motion using a digital inclinometer. Subjective data 
was also included in the data collection process by means of the recorded score from the Numerical Pain 
Rating Scale (NPRS) (Appendix P) and the Oswestry Pain and Disability index (Appendix H). The three 
groups then received their specific treatments. Group 1 received chiropractic manipulation of the lumbar 
spine, group 2  received lumbar dynamic taping, and group 3 received both of the techniques. 
 
3.3.2 Follow-up visits 
The participants had six follow-up consultations with the researcher. The various treatment plans were 
implemented from the first visit until the sixth. Patients in Group 2 were re-strapped on each of the follow-up 
visits, excluding the last visit. Subjective and objective data was collected on the first, fourth and seventh 
consultations. The seventh visit only required that objective and subjective data was collected, with no 
treatment taking place. 
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3.3.3 Treatment 
 
Group 1 
Through palpation and lumbar regional evaluation, the researcher assessed each participant for any 
restricted vertebral motion segment, and they received chiropractic manipulation by means of a side posture 
manipulation to the lumbar spine region (Bergmann and Peterson, 2011). 
 
Group 2 
The researcher taped each of the participants’ low back regions with dynamic tape on the first six visits. The 
taping method for participants in Groups 2 and 3 were as follows: 
As a general technique, the dynamic tape was applied with a 2cm anchor point, with no stretch. Slack was 
then taken off the tape, and no stretch was applied whilst holding the anchor point to prevent tension from 
building up. Pressure was applied to the tape, adhering it to the skin, as the back paper of the tape was 
peeled off. The end point was also about 2cm in length and had no stretch. The tape was rubbed thoroughly 
so that optimal adhesion was ensured;  it was also rubbed in multiple directions to mould the tape to the area 
due to its ability to stretch four ways (McNeill and Pedersen, 2009). 
The participant maintained an upright or prone position during the application of the dynamic tape. Three 
pieces of equal length of dynamic tape were cut off, two pieces of tape were first used when one of each of 
the tapes were applied on opposite sides of the of the lumbar spine (about 3cm from the midline surface 
marked by lumbar spinous processes), starting at the posterior superior iliac spine and moving superiorly in 
a cephalic direction. The third tape was applied horizontally and perpendicularly across the other tapes at 
about L4. 
                                           
Figure 3.1 The dynamic taping pattern for the low back region (Bing.com, 2019) 
 
Group 3 
Participants received a combination of chiropractic manipulation as described for group 1, as well as dynamic 
taping of the lumbar spine as described for group 2. 
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3.4 Subjective Data 
 
3.4.1 NPRS 
The numerical pain rating scale (Appendix G) is a scale used for the participant to rate or score their 
subjective pain intensity. The participant had to place an X on the scale over a number selected between 0 
and 10 (10 being the worst pain that they have ever had or imagine having) (Farrar, Young, LaMoreaux, 
Werth, and Poole, 2001). The validity and reliability of the scale has been researched and has proven to be 
an effective way of evaluating change in a patient experiencing pain (Spine, 2005). 
 
 
Figure 3.2 Numeric Pain Rating Scale (McCaffery, Beebe, (1989) 
 
3.4.2 ODI 
The ODI (Appendix H) was used to measure and track the permanent functional disability of the patients. It 
also informed the researcher, by means of a score, of how the patient’s back pain affected their ability to 
manage everyday living. This questionnaire is a validated and reliable questionnaire comprising 10 questions 
(Spine, 2000). Each question was scored from 0-5 by the participant. The total score was added up and then 
expressed as a percentage, with the higher percentages representing a greater severity of disability (Fairbank 
and Pynsent, 2000). 
 
3.5 Objective Data 
A digital inclinometer application on an iPhone (Tiltmeter- advanced level and inclinometer app) was used to 
determine the range of motion in the lumbar region. Levels L1 to L5 were marked on the lumbar spine. The 
phone was placed at the highest segment of the lumbar spine (L1) and a reference point created prior to the 
patient’s desired terminal range of motion (flexion, extension, lateral flexion or rotation to the right or left). 
This process was then repeated when the phone was placed at the lower segment of the spine (L5). The 
application then automatically calculated the true angle of motion, indicating the range of motion of that region 
(Alchemy, 2018). The digital inclinometer application on the iPhone has been proved as effective as the old-
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fashioned gravity-based inclinometer, and is therefore a validated and reliable way of measuring range of 
motion of the lumbar spine for this study (Smith, 2016; Pourahmadi, Taghipour, Jannati, Mohseni-Bandpei, 
Ebrahimi Takamjani, and Rajabzadeh, 2016). 
 
3.6 Data Analysis 
Data was collected by the researcher, and the captured data sent to a statistician at STATKON of the 
University of Johannesburg. The statistician analysed the raw data and provided feedback for the researcher 
to interpret. 
 
Frequency and descriptives were applied to the overall sample to give an overall picture of the statistics 
(means, medians, modes, maximums, etc.).  Comparisons were made (over time) with intra-group analysis, 
and a one-way, repeated-measures ANOVA or Friedman test were performed to measure possible 
statistically significant changes over time, depending on the outcome of the normality test. If any statistically 
significant changes were seen, then Post Hoc and Wilcoxon Signed Rank tests were applied to check 
statistically significant changes between the initial visit and either the fourth or seventh visit. 
 
Cross-tabulation was applied with the Fisher’s Exact test, which provided inter-group analysis between 
genders and ages to test that there was a balance between the groups, as these factors were significant in 
the outcome of the results. The normality of these variables was checked using the Shapiro Wilk test.  
Comparative figures were also assessed through inter-group analysis, and a one-way ANOVA or Kruskal-
Wallis test was applied to measure possible statistically significant differences among the three groups, 
depending on the outcome of the normality test. If statistically significant changes were seen in this case 
again, a Post Hoc test and a Mann-Whitney test were added to the tests in order to check statistically 
significant differences between the groups. 
 
3.7 Ethical Considerations 
All participants that volunteered in this study read and signed the information form (Appendix B) and consent 
form (Appendix C) to acknowledge the details and show that there was an agreement to participate. These 
forms informed the participants of the following: researcher’s name, researcher’s contact details (for further 
questions or clarity pertaining to this study), the purpose of the study, the advantages of being in such a 
study, the techniques of assessment, and the necessary treatment protocol that was going to be applied to 
them. The possible side effects, risks and contra-indications relating to treatment protocols were explained 
on the forms to ensure that patient safety was the primary concern of the researcher. 
 
21 
 
Privacy of the patient was protected, with only the researcher and corresponding clinician being involved. 
The participants were each allocated a code to use to protect their identity and assure confidentiality. Privacy 
was further ensured as all the information was converted into data and as a result cannot be linked back to 
participants. Participants were informed that their participation in the study was completely voluntary,  that 
they were able to terminate their participation in the study at any time before the submission of the data, and 
that thereafter data was completely anonymous. Confidentiality was maintained throughout the study and 
this was also expressed on the forms. Participants’ files were kept safely in a locked room in a drawer at the 
University of Johannesburg Chiropractic Clinic. Confidentiality was not breached, but if matters were in the 
public interest, impeded on the law or were matters which could cause self or others harm, it would have 
been reported. Volunteers signed the information and consent forms, confirming that they agreed to the terms 
expected of them for this research study. There was no conflict of interest in this study, as it was made known 
that the participants could not be involved in any other study for their low back pain and that they could not 
be treated by anyone else for their low back pain during the three-week period. 
 
Adverse effects are very rare in lumbar spine manipulations. Participants were fully examined by the 
researcher with a physical examination and history taken. Any suspected concerns relating to osteoporosis, 
aortic aneurysms/dissections, long term use of anticoagulant therapy, chronic coagulation defects and 
inflammatory spondylopathy required the subject to be removed from selection and referred to the relevant 
health care professional if deemed necessary (Murphy, 2015). 
Some of the risks and side effects that could have been expected - and usually disappeared within 48 hours 
- were potential stiffness or mild pain in the lumbar spine after the application of chiropractic manipulation 
(Senstad, Leboeuf-Yde and Borchgrevink, 2009). According to a 2002 American study involving 4,712 
patients on the risks of spinal manipulation, “Approximately one half of patients who undergo spinal 
manipulation have mild to moderate undesirable effects; these include local discomfort (occurred in 53 
percent of patients in one series of 4,712 patients); headache (12 percent); tiredness (11 percent); and 
radiating discomfort (10 percent). Most (74 percent) of these reactions resolved in one day.” (American 
Family of Physicians, 2002). 
 
It was communicated that the participants should refrain from using dynamic tape if there were conditions 
listed under the contraindications to dynamic taping (Appendix F), as this may have predisposed or resulted 
in a sensitivity reaction causing the skin to blister or form a rash. In the case of any adverse effects caused 
by the tape, the participant was informed to immediately remove the tape and any blisters or open wounds 
to be washed with antiseptic wash and dried. Thereafter, soothing hypoallergic creams and ointments such 
as tissue oil or Bactroban (Mupirocin) could be applied to soothe the irritated area. Taping was avoided on 
patients with certain systemic diseases listed in appendix F, to avoid acceleration of any of these kinds of 
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conditions (Sears, 2017). Participants were instructed not to use any pain or anti-inflammatory medications 
to allow for a fair and accurate trial by avoiding a masking effect of the medications on the back pain. 
Following the three-week study, if the patient required more treatment for low back pain, they were welcome 
to have access to doctors and chiropractic interns at the UJ Chiropractic Clinic on the Doornfontein campus. 
Once ethical clearance was passed (ethical clearance number- REC-01-174-2018), permission to treat was 
requested from Professor Fourie (Appendix O). The dissertation was submitted through Turnitin and the 
plagiarism report included in the appendices. 
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CHAPTER 4 – RESULTS 
 
4.1 Introduction 
This chapter explains the results that were obtained during the study. The trial was a comparative study 
between three groups (1, 2 and 3) of 10 participants each, after they had been assessed and deemed to 
have met the inclusion and exclusion criteria. Subjective data NPRS ODI, and objective data (range of 
motion) were recorded on visits 1, 4 and 7. 
Group 1 participants received chiropractic manipulative therapy to the lumbar spine, group 2 received 
dynamic taping to the lumbar region, and group 3 received a combination of both treatments. 
The following tests were applied during the analysis of the study: Shapiro-Wilks test; Friedman test; Post-
Hoc test; Kruskal-Wallis test and Mann Whitney U tests. These tests determined whether a statistically 
significant difference had occurred between Groups 1, 2 and 3.  
The probability value (p-value) was set at p≤0.05. If the p-value was less than or equal to 0.05 (p≤0.05) it 
indicated that there was a statistically significant difference between groups or over time, rejecting the null 
hypothesis. If the p-value was greater than 0.05 (p>0.05) it indicated that there was no significant difference 
between groups or over time, supporting the null hypothesis. 
The Shapiro-Wilk test was used to determine if the data was normally distributed between the groups. The 
reason for using this test was that the sample size was fewer than 50 participants. A p-value greater than 
0.05 indicated a normal distribution (Pallant, 2016). Assessing the normality of the data is necessary for 
determining whether to apply parametric or non-parametric testing, with normally distributed data indicating 
the use of parametric testing, and non-normally distributed data indicating the use of non-parametric testing. 
Non-parametric testing was used by the statistician to analyse the data as it was non-normal in most cases, 
with some outliers and a small number of participants per group (an outlier is a data point that differs 
significantly or that lies an abnormal distance from other observations in a random sample from a population). 
Non-parametric tests use a ranking system to show which group and which visit had the best ranking (Pallant, 
2016). Another reason for using this testing was so that the statistical analysis was not affected by outliers, 
that these outliers could be included in the total analysis, and no assumptions made regarding the parameters 
(Stark, 2016). 
The Friedman testing method, which tests for statistically significant changes over time within the group, was 
used for intra-group analysis. Each group was compared individually over time.  
Further intra-group analysis, using the Wilcoxon Signed Rank test, was performed in order to check 
statistically significant changes between two different time periods (Pallant, 2016). These tests were applied 
to prove the effectiveness of the treatments. 
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The Kruskal-Wallis test was used for inter-group analysis. The test measured possible statistically significant 
differences between the three groups at each visit, depending on the outcome of the normality test. The 
Mann-Whitney tests were used if statistically significant changes were identified, in order to check statistically 
significant differences between two groups. The Bonferroni adjustment was applied in cases where the Mann-
Whitney testing was used, in order to make the criteria for determining significance stricter and more reliable. 
This entailed dividing the original p value of 0.05 by the number of tests to follow. In this case three additional 
tests were done, and therefore the new p value was 0,017 (p≤0.017) (Pallant, 2016). 
Taking into account the clinical analysis of the subjective data (the NPRS and ODI), a decrease in the 
percentage/number of the mean over the trial time was calculated. Regarding the clinical analysis of the 
objective data (the digital inclinometer readings), an increase in the percentage/number of the mean over the 
trial time was calculated. 
The analysis consisted of: 
1. Demographic data (age and gender distribution) 
2. Subjective measurements (NPRS; ODI). 
3. Objective measurements (digital inclinometer readings). 
 
4.2 Demographic Data 
Table 4.1: Demographic data between groups 1, 2 and 3 
 Age demographic (years) Gender percentage (%) 
 Min Max Mean Male Female 
Group 1 23 55 28 50 50 
Group 2 22 55 30.30 40 60 
Group 3 22 42 27.70 50 50 
Total %  46.7 53.3 
 
4.2.1 Age distribution 
As seen in table 4.1 the age distribution for participants in group 1 ranged from 23-55 years, with a mean 
age of 28 years. The age distribution for participants in group 2 ranged from 22-55 years, with a mean age 
of 30.30 years. The age distribution for participants in group 3 ranged from 22-42 years, with a mean age of 
27.70 years as illustrated in table 4.1. Thus the groups were comparable.  
 
4.2.2 Gender distribution 
Table 4.1 illustrates the gender distribution for the participants in groups 1 and 3 both showing a percentage 
of 50% males and 50% females, whilst group 2 was distributed with a percentage of 40% males and 60% 
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females. This resulted in a total distribution of 46.7% males and 53.3% females, which is also illustrated in 
table 4.1. The groups were very close to equal distribution and were comparable. 
 
4.3 Subjective Data Analysis 
The NPRS was used to determine a participant’s subjective perception of pain; and the ODI was used to 
determine a participant’s subjective perception of pain and disability on that particular visit. 
 
4.3.1 NPRS: intra-group analysis 
As seen in table 4.2, the subjective data analysis of groups 1,2 and 3 yielded the following results:  
Table 4.2: Intra-group statistics NPRS (groups 1, 2 and 3) 
 Visit Min Max Mean Percentage 
 
Group 1 
1 4 8 6 0 
4 1 3 2.20 63.33% 
7 0 2 0.7 88.33% 
 
Group 2 
1 4 9 7 0 
4 2 5 3.7 47.14% 
7 1 4 2.6 62.85% 
 
Group 3 
1 4 7 5.70 0 
4 1 3 2 64.91% 
7 0 2 0.60 89.47% 
 
Group 1: Visit 1 yielded a mean value of 6 (standard deviation = 1.247), visit 4 a mean value of 2.2 (standard 
deviation = 0.632), and visit 7 a mean value of 0.7 (standard deviation of 0.823). The percentage change for 
visit 1 to visit 4 was 63.33% and that for visits 1 to 7 was 88.33%. 
The Friedman testing method found the p-value to be 0.00 for group 1, therefore p≤0.05, which indicates 
statistically significant change. 
 
Group 2: Visit 1 yielded a mean value of 7 (standard deviation = 1.414), visit 4 a mean value of 3.70 (standard 
deviation = 0.949), and on visit 7 a mean value of 2.6 (standard deviation = 0.966). This showed a percentage 
change from visit 1 to visit 4 of 47.14% and from visits 1 to 7 of 62.85%. 
Using the Friedman testing method for changes over time within the group, the p value was found to be 0.00 
for group 2, therefore p≤0.05, indicating statistically significant change. 
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Group 3: Visit 1 yielded a mean value of 5.7 (standard deviation = 1.337), on visit 4 a mean value of 2 
(standard deviation = 0.667), and on visit 7 a mean value of 0.60 (standard deviation = 0.843). This showed 
a percentage change from visit 1 to visit 4 of 64.91% and from visits 1 to 7 of 89.47%. 
Once the Friedman test was applied, the p value was found to be 0.00 for group 3, therefore p≤0.05 which 
indicates statistically significant change. 
 
Table 4.3: Wilcoxon Signed Rank test p-values for groups 1, 2 and 3 
 Visit 1-4 Visit 1-7 
Group 1 0.004 
p≤0.05 
0.005 
p≤0.05 
Group 2 0.004 
p≤0.05 
0.003 
p≤0.05 
Group 3 0.005 
p≤0.05 
0.005 
p≤0.05 
 
As seen in table 4.3, further intra-group analysis using the Wilcoxon signed rank test for changes between 
the visits for groups 1, 2 and 3 was performed.  
Group 1 yielded the results between visits 1 and 4 (p=0.004) and visits 1 and 7 (p=0.005), all showing 
statistically significant results. 
Group 2 yielded the results between visits 1 and 4 (p=0.004) and visits 1 and 7 (p=0.003), all showing 
statistically significant results. 
Group 3 yielded the results between visits 1 and 4 (p=0.005) and visits 1 and 7 (p=0.005), all showing 
statistically significant results. 
 
Figure 4.1 illustrates the NPRS mean scores for groups 1, 2, and 3 over visits 1, 4 and 7. This shows a 
reduction in pain intensity levels perceived by the participants using the mean values displayed above in 
table 4.2. 
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The comparison between the readings of the NPRS across the three groups over time is illustrated in the 
following line graph. 
 
                                                      NPRS  
 
Figure 4.1: Line graph representing the NPRS mean values for Groups 1, 2 and 3 over visits 1, 4 and 
7 
 
4.3.2 NPRS: inter-group analysis 
The Kruskal-Wallis test was used to compare the three groups at each visit. On visit 1, the test yielded a p-
value of 0.096, on visit 4 the test yielded a p-value of 0.001 and on visit 7 the test yielded a p-value of 0.000. 
Therefore on visit 1, p>0.05, which means there was no statistically significant difference between the groups 
compared to each other at the start of the study. There was, however, statistically significant difference 
between the groups on visits 4 and 7, as p≤0.05 over the study period.  
The above result indicated a need for further analysis using the Mann-Whitney U test to determine between 
which of the groups there was a statistically significant result. As previously mentioned, a Bonferroni 
adjustment was made to the p-value. The new p-value was 0.017. 
 
Table 4.4: Mann-Whitney U test for visits 4 and 7 of NPRS 
 Group 1 and 2 Group 1 and 3 Group 2 and 3 
Visit 4 - p-value P=0.002 
(p>0.017) 
P=0.490 
(p>0.017) 
P=0.001 
(p≤0.017) 
Visit 7 – p-value P=0.001 
(p≤0.017) 
P=0.737 
(p>0.017) 
P=0.001 
(p≤0.017) 
 
As seen in table 4.4, on visit 4 the Mann-Whitney U test between group 1 and Group 2 yielded a p-value of 
0.002, therefore p>0.017, which means there was no statistically significant difference between them. 
Between groups 1 and 3 there was a p-value of 0.490 therefore p>0.017; no statistically significant difference 
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between them. Between groups 2 and 3, however, the p-value was 0.001 therefore p≤0.017, which means 
that there was a statistically significant difference between them on visit 4.   
As seen in table 4.4, on visit 7 the Mann-Whitney U test between group 1 and group 2 yielded a p-value of 
0.001, therefore p≤0.017, showing a statistically significant difference between them. Between groups 1 and 
3 there was a p-value of 0.737 therefore p>0.017, indicating no statistically significant difference between 
them. Between groups 2 and 3 the p-value was 0.001 therefore p≤0.017, which means that there was a 
statistically significant difference between them.   
 
4.3.3 ODI: intra-group analysis 
As seen in table 4.5, the subjective data analysis of groups 1, 2 and 3 yielded the following results:  
 
Table 4.5: Intra-group statistics ODI (groups 1, 2 and 3) 
 Visits Min Max Mean Percentage 
 
Group 1 
1 24 66 37.20 0 
4 6 32 14.60 60.75% 
7 0 24 7.6 79.56% 
 
Group 2 
1 30 58 40.60 0 
4 18 42 28.80 29.06% 
7 8 42 22.00 45.81% 
 
Group 3 
1 18 54 33.20 0 
4 7 26 16.50 50.31% 
7 0 20 7.60 77.10% 
 
Group 1: Visit 1 yielded a mean value of 37.20 (Standard deviation = 10.881), visit 4 a mean value of 14.60 
(Standard deviation = 7.183) and visit 7 a mean value of 7.6 (Standard deviation = 7.168). This showed a 
percentage change from visits 1 to 4 of 60.75% and from visits 1 to 7 of 79.56%. 
Applying the Friedman test, the p value was found to be 0.00 for group 1, therefore p≤0.05, which indicates 
statistically significant change. 
 
Group 2: Visit 1 yielded a mean value 40.60 (Standard deviation = 10.157), visit 4 a mean value of 28.80 
(Standard deviation = 8.854) and at visit 7 a mean value of 22.00 (Standard deviation = 12.147). This showed 
a percentage change from visit 1-4 of 29.06% and from visit 1-7 of 45.81%. 
The result here of the Friedman testing method was that the p-value was found to be 0.00 for group 2, 
therefore p≤0.05, indicating statistically significant change. 
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Group 3: Visit 1 yielded a mean value of 33.20 (Standard deviation = 10.465), visit 4 a mean value of 16.50 
(Standard deviation = 6.276) and visit 7 a mean value of 7.6 (Standard deviation = 6.979). This showed a 
percentage change from visit 1 to visit 4 of 50.31%, and from visits 1 to 7 of 77.10%. 
Once again, the Friedman test found the p value to be 0.00 for Group 3, therefore p≤0.05, which indicates 
statistically significant change. 
 
Table 4.6: Wilcoxon Signed Rank test p-values for group 1, 2 and 3 
 Visit 1-4 Visit 1-7 
Group 1 0.005 
p≤0.05 
0.005 
p≤0.05 
Group 2 0.005 
p≤0.05 
0.005 
p≤0.05 
Group 3 0.005 
p≤0.05 
0.005 
p≤0.05 
 
As seen in table 4.6, further intra-group analysis using the Wilcoxon Signed Rank test for changes between 
the visits was performed. 
Group 1 yielded the results between visits 1 and 4 (p=0.005) and visits 1 and 7 (p=0.005) all showing 
statistically significant results. 
Group 2 yielded the results between visits 1 and 4 (p=0.005), and visits 1 and 7 (p=0.005) all showing 
statistically significant results. 
Group 3 yielded the results between visits 1 and 4 (p=0.005) and visits 1 and 7 (p=0.005) all showing 
statistically significant results. 
 
Figure 4.2 illustrates the decrease in ODI mean scores for all three groups over the study period. This shows 
the reduction in functional disability perceived by the participants using the mean values displayed above in 
table 4.5. 
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                                                   ODI 
 
Figure 4.2 Line graph representing the ODI mean values for groups 1, 2 and 3 over visits 1, 4 and 7 
 
4.3.4 ODI: inter-group analysis 
The Kruskal-Wallis testing was used to compare the three groups at each visit. On visit 1 the test yielded a 
p-value of 0.388. Visit 4 yielded a p-value of 0.001. Visit 7 yielded a p-value of 0.004. Therefore on visits 4 
and 7, p≤0.05, which means that there was a statistically significant difference between the groups in terms 
of the ODI. 
The above result indicated a need for further analysis using the Mann-Whitney U test to determine between 
which of the groups there was a statistically significant result. As previously mentioned, a Bonferroni 
adjustment was made to the p-value. The new p-value was 0.017. 
 
Table 4.7: Mann-Whitney U test for visits 4 and 7 of ODI 
 Group 1 and 2 Group 1 and 3 Group 2 and 3 
Visit 4 - p-value 
 
p=0.001 
(p≤0.017) 
p=0.321 
(p>0.017)  
p=0.005 
(p≤0.017) 
 
Visit 7 - p-value 
 
p=0.004 
(p≤0.017) 
p=0.909 
(p>0.017)  
p=0.005 
(p≤0.017) 
 
 
As displayed in table 4.7, On visit 4 the Mann-Whitney U test between Group 1 and group 2 yielded a p-value 
of 0.001, therefore p≤0.017, meaning that there was a statistically significant difference between them. 
Between group 1 and Group 3, there was a p-value of 0.321, therefore (p>0.017): no statistically significant 
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difference between them. Between group 2 and group 3 the p-value was 0.005, therefore p≤0.017, which 
means that there was a statistically significant difference between them. 
 
As displayed in table 4.7, on visit 7 the Mann-Whitney U test between groups 1 and 2 yielded a p-value of 
0.004, therefore p≤0.017, thus there was a statistically significant difference between them. Between group 
1 and group 3, there was a p-value of 0.909 therefore (p>0.017), indicating no statistically significant 
difference between them. Between groups 2 and 3 the p-value was 0.005, therefore p≤0.017, which means 
that there was a statistically significant difference between them. 
 
4.4 Objective Data Analysis 
A digital inclinometer device was used to objectively measure changes in the participants’ lumbar spine range 
of motion in flexion, extension, left lateral flexion and right lateral flexion. Rotation was not measured as there 
is a very small degree of rotation in the lumbar spine. 
 
4.4.1 Lumbar spine flexion range of motion 
a) Intra-group analysis 
As seen in table 4.8, the subjective data analysis of groups 1, 2 and 3 yielded the following results:  
 
Table 4.8: Intra-group statistics for the lumbar spine flexion (groups 1, 2 and 3) 
 Visit Min Max Mean Percentage 
 
Group 1 
1 38 58 46.20 0 
4 44 60 51.50 11.47% 
7 46 61 52.90 14.50% 
 
Group 2 
1 32 56 43.10 0 
4 34 60 47.10 9.28% 
7 35 61 48.40 12,30% 
 
Group 3 
1 34 49 41.80 0 
4 38 52 46.50 11.12% 
7 38 55 48.40 15.79% 
 
Group 1: Visit 1 yielded a mean value of 46.20 (standard deviation = 7.131), visit 4 a mean value of 51.50 
(standard deviation = 5.276), and visit 7 a mean value of 52.90 (standard deviation = 4.886). This showed a 
percentage change from visits 1 to 4 of 11.47% and from visits 1 to 7 of 14.50%. 
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Using the Friedman testing method, the p-value was found to be 0.000 for Group 1, therefore p≤0.05, which 
indicates a statistically significant change. 
 
Group 2: Visit 1 yielded a mean value of 43.10 (standard deviation = 6.822), visit 4 a mean value of 47.10 
(standard deviation =8.373), and visit 7 a mean value of 48.40 (standard deviation = 8.396).  This showed a 
percentage change between visits 1 and 4 of 9.28% and between visits 1 and 7 of 12.30%. 
The Friedman test found the p-value to be 0.000 for group 2, therefore p≤0.05 - a statistically significant 
change. 
 
Group 3: Visit 1 yielded a mean value of 41.80 (standard deviation = 5.391), visit 4 a mean value of 46.50 
(standard deviation =4.905), and visit 7 a mean value of 48.40 (standard deviation = 5.700). This showed a 
percentage change from visit 1-4 of 11.12% and from visit 1-7 of 15.79%. 
Once again, the Friedman testing method found the p-value to be 0.000 for group 3, therefore p≤0.05, which 
indicates a statistically significant change.  
 
Table 4.9: Wilcoxon Signed Rank test p-values for groups 1, 2 and 3 flexion 
 Visit 1-4 Visit 1-7 
Group 1 0.008 
(p≤0.017) 
0.005 
(p≤0.017) 
Group 2 0.005 
p≤0.05 
0.005 
p≤0.05 
Group 3 0.005 
p≤0.05 
0.005 
p≤0.05 
 
As seen in table 4.9, further intra-group analysis using the Wilcoxon Signed Rank test for changes between 
the visits was performed.  
Group 1 yielded the following results: between visits 1 and 4 (p=0.008) and those between visits 1 and 7 
(p=0.005). All p-values were statistically significant as p≤0.017. 
Group 2 yielded the following results: between visits 1 and 4 (p=0.005), and between visits 1 and 7 (p=0.005). 
All p-values were statistically significant. 
Group 3 yielded the following results: between visits 1 and 4 (P=0.005) and those of visits 1 and 7 (P=0.005). 
Visits 1 and 4 and visits 1 and 7 showed statistically significant results. 
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Figure 4.3 illustrates the changes in the average degrees of flexion range of motion for groups 1, 2 and 3 
over visits 1, 4 and 7 (as displayed above in table 4.8). 
 
Lumbar Flexion Mean ROM 
 
 
Figure 4.3: Lumbar spine flexion mean ROM for groups 1, 2 and 3 over visits 1, 4 and 7 
 
b) Inter-group analysis: 
The Kruskal-Wallis testing was used to compare the three groups at each visit. On visit 1 the test yielded a 
p-value of 0.290, visit 4 yielded a p-value of 0.181.and visit 7 a p-value of 0.263. Thus on visits 1, 4 and 7 
p>0.017, which means that there was no statistically significant difference between the groups in terms of 
lumbar flexion at any of the visits. 
The above result indicated no need for further analysis using the Mann-Whitney U test, as which there were 
no statistically significant results.  
 
4.4.2 Lumbar spine extension range of motion 
a) Intra-group analysis 
As seen in table 4.10, the subjective data analysis of Groups 1, 2 and 3 yielded the following results.  
 
Table 4.10: Intra-group statistics for lumbar spine extension (groups 1, 2 and 3) 
 Visit Min Max Mean Percentage 
 
Group 1 
1 8 18 13,10 0 
4 13 20 15,80 20.61% 
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7 14 19 16.60 26.72% 
 
Group 2 
1 6 15 10.30 0 
4 8 17 12 16.50% 
7 8 17 12.90 25.24% 
 
Group 3 
1 8 18 11.20 0 
4 10 19 13.40 19.64% 
7 11 20 14.50 29.46% 
 
Group 1: Visit 1 yielded a mean value of 13.10 (standard deviation = 2.558), visit 4 a mean value of 15.80 
(standard deviation = 1.874), and visit 7 a mean value of 16.60 (standard deviation = 1.578). This showed a 
percentage change from visit 1 to 4 of 20.61% and from visit 1 to 7 of 26.72%. 
The Friedman test found the p-value to be 0.000 for group 1, therefore p≤0.05, which indicates statistically 
significant change. 
 
Group 2: Visit 1 yielded a mean value of 10.30 (standard deviation = 3.401), visit 4 a mean value of 12 
(standard deviation =3.197), and visit 7 a mean value of 12.90 (standard deviation = 3.247). This showed a 
percentage change from visit 1 to 4 of 16.50% and from visit 1 to 7 of 25.24%. 
Again, the Friedman testing method indicated statistically significant change, with the p-value found to be 
0.000 for group 2, therefore p≤0.05. 
  
Groups 3: Visit 1 yielded a mean value of 11.20 (standard deviation = 3.190), visit 4 a mean value of 13.40 
(standard deviation =2.716), and visit 7 a mean value of 14.50 (standard deviation = 2.550). This showed a 
percentage change from visits 1 to 4 of 19.64% and from visits 1 to 7 of 29.46%. 
The Friedman testing method found the p-value to be 0.000 for Group 3, p≤0.05, again indicating statistically 
significant change. 
 
Table 4.11: Wilcoxon Signed Rank test p-values for groups 1, 2 and 3 lumbar extension 
 Visit 1-4 Visit 1-7 
Group 1 0.005 
p≤0.05 
0.005 
p≤0.05 
Group 2 0.016 
p≤0.05 
0.004 
p≤0.05 
Group 3 0.004 
p≤0.05 
0.005 
p≤0.05 
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As seen in table 4.11, further intra-group analysis using the Wilcoxon Signed Rank test for changes between 
the visits was performed. 
Group 1 yielded the following results: between visits 1 and 4 (p=0.005), and between visits 1 and 7 (p=0.005), 
thus revealing statistically significant results as p≤0.05. 
Group 2 yielded the following results: between visits 1 and 4 (P=0.016), and visits 1 and 7 (P=0.004). These 
visits showed statistically significant results as p≤0.05. 
Group 3 yielded the following results: between visits 1 and 4 (P=0.004), and visits 1 and 7 (P=0.005), again 
showing statistically significant results as p≤0.05. 
 
Figure 4.4 illustrates the changes in the average degrees of extension range of motion or groups 1, 2 and 3 
over visits 1, 4 and 7. As displayed above in table 4.10. 
Lumbar Spine Extension Mean ROM 
 
Figure 4.4: Lumbar spine extension mean ROM for groups 1, 2 and 3 over visits 1, 4 and 7 
 
b) Inter-group analysis 
The Kruskal-Wallis testing was used to compare the three groups at each visit. On visit 1 the test yielded a 
p-value of 0.135, on visit 4 the test yielded a p-value of 0.018 and on visit 7 the test yielded a p-value of 
0.016. All the groups on visit 1 p>0.05, therefore there was no statistically significant difference between the 
groups compared to each other. On visits 4 and 7 the tests yielded a p-value p≤0.05 and thus had statistically 
significant differences between the groups compared with each other over the time period. 
Due to the results above, use of the Mann-Whitney U tests was indicated and a need for further analysis to 
determine between which of the groups there was a statistically significant result. As previously mentioned, 
a Bonferroni adjustment was made to the p-value. The new p-value was 0.017. 
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Table 4.12: Mann-Whitney U test for visits 4 and 7 of lumbar spine extension. 
 Group 1 and 2 Group 1 and 3 Group 2 and 3 
Visit 4 - p-value p=0.014 
(p≤0.017) 
p=0.022 
(p>0.017)  
p=0.322 
(p>0.017) 
Visit 7 - p-value p=0.010 
(p≤0.017) 
p=0.030 
(p>0.017)  
p=0.304 
(p>0.017) 
 
As illustrated in table 4.12, on visit 4 the Mann-Whitney U test between group 1 and group 2 yielded a p-
value of 0.014, therefore p≤0.017, which means there was a statistically significant difference between them. 
Between group 1 and group 3, there was a p-value of 0.022 therefore p>0.017, indicating no statistically 
significant difference between them. Between group 2 and group 3 the p-value was 0.322 therefore p>0.017 
– not a statistically significant difference between them. 
As displayed in table 4.12, On visit 7 the Mann-Whitney U test between groups 1 and 2 yielded a p-value of 
0.010, therefore p≤0.017, which means there was a statistically significant difference between them. 
Between group 1 and group 3, there was a p-value of 0.030 therefore p>0.017 - no statistically significant 
difference between them. Between group 2 and group 3 the p-value was 0.304 therefore p>0.017, indicating 
no statistically significant difference between them. 
 
4.4.3 Lumbar spine left lateral flexion (LLF) 
a) Intra-group analysis 
As seen in table 4.13, the subjective data analysis of groups 1, 2 and 3 yielded the following results:  
 
Table 4.13 Intra-group statistics for lumbar spine LLF (groups 1, 2 and 3) 
 Visit Min Max Mean Percentage 
 
 
Group 1 
1 8 19 14.20 0 
4 13 20 16.60 16.90% 
7 14 21 17.40 22.53% 
 
Group 2 
1 10 24 15.40 0 
4 12 23 16.60 7.79% 
7 12 23 17 10.39% 
 
Group 3 
1 10 18 14.20 0 
4 11 21 15.70 10.56% 
7 12 21 16.70 17.61% 
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Group1: Visit 1 yielded a mean value of 14.20 (standard deviation = 3.645), visit 4 a mean value of 16.60 
(standard deviation = 2.875), and visit 7 a mean value of 17.40 (standard deviation = 2.459). This showed a 
percentage change from visit 1-4 of 16.90% and from visit 1-7 of 22.53%. 
The Friedman testing method for changes over time within the group was done. The p-value was found to 
be 0.000 for group 1, therefore p≤0.05, which indicates statistically significant change. 
 
Group 2: Visit 1 yielded a mean value of 15.40 (standard deviation = 5.147), visit 4 a mean value of 16.60 
(standard deviation = 4.195), and visit 7 a mean value of 17 (standard deviation = 3.742). This showed a 
percentage change from visit 1-4 of 7.79% and from visit 1-7 of 10.39%. 
The Friedman test found the p-value to be 0.044 for group 2, therefore p≤0.05, which indicates statistically 
significant change. 
 
Group 3: Visit 1 yielded a mean value of 14.20 (standard deviation = 2.201), visit 4 a mean value of 15.70 
(standard deviation = 2.710), and visit 7 a mean value of 16.70 (standard deviation = 2.263). This showed a 
percentage change from visits 1 to 4 of 10.56% and from visits 1 to 7 of 17.61%. 
Once again, the Friedman testing method found the p-value to be 0.000 for group 3, therefore p≤0.05, 
indicating statistically significant change. 
 
Table 4.14: Wilcoxon Signed Rank test p-values for groups 1, 2 and 3 LLF 
 Visit 1-4 Visit 1-7 
Group 1 0.005 
p≤0.05 
0.005 
p≤0.05 
Group 2 0.016 
p≤0.05 
0.020 
p≤0.05 
Group 3 0.007 
p≤0.05 
0.004 
p≤0.05 
 
As seen in table 4.14, further intra-group analysis using the Wilcoxon Signed Rank test for changes between 
the visits was performed.  
Group 1 yielded the following results: between visits 1 and 4 (p=0.005), and visits 1 and 7 (p=0.005). Visits 
1 to 4 and visits 1 to 7 showed statistically significant results as p≤0.05. 
Group 2 yielded the following results: between visits 1 and 4 (p=0.016), and visits 1 and 7 (p=0.020). Visits 
1 to 7 showed statistically significant results as p≤0.05. 
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Group 3 yielded the following results: between visits 1 and 4 (p=0.007), and visits 1 and 7 (p=0.004). Visits 
1 to 4 and 1 to 7 showed statistically significant results as p≤0.05. 
 
Figure 4.5 illustrates the changes in the average degrees of LLF lumbar spine range of motion for Groups 1, 
2 and 3 over visits 1, 4 and 7, as displayed above in table 4.13. 
 
Lumbar Spine LLF Mean ROM 
 
 
 
Figure 4.5: Lumbar spine LLF mean ROM for groups 1, 2 and 3 over visits 1, 4 and 7 
 
b) Inter-group analysis 
The Kruskal-Wallis testing was used to compare the three groups at each visit. On visit 1 the test yielded a 
p-value of 0.970, on visit 4 the test yielded a p-value of 0.846 and on visit 7 the test yielded a p-value of 
0.793. Therefore between all groups at each visit p>0.05 which means there was no statistically significant 
difference between the groups compared to each other over the study period. 
Due to the results above, the use of the Mann-Whitney U tests was not indicated. 
 
 
4.4.4 Lumbar spine right lateral flexion (RLF) ROM 
a) Intra-group analysis 
As seen in table 4.15, the subjective data analysis of group 1, 2 and 3 yielded the following results:  
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Table 4.15: Intra-group statistics for lumbar spine RLF (groups 1, 2 and 3) 
 Visit Min Max Mean Percentage 
 
Group 1 
1 10 18 13.70 0 
4 13 19 16.10 17.52% 
7 14 19 16.90 23.36% 
 
Group 2 
1 8 19 14.40 0 
4 10 20 16.00 11.11% 
7 10 21 16.80 16.67% 
 
Group 3 
1 12 19 14.80 0 
4 12 21 16.10 8.78% 
7 12 21 17.00 14.86% 
 
Group 1: Visit 1 yielded a mean value of 13.70 (standard deviation = 2.541), visit 4 a mean value of 16.10 
(standard deviation = 2.025), and visit 7 a mean value of 16.90 (standard deviation = 1.969). This showed a 
percentage change from visit 1 to visit 4 of 17.52% and from visit 1 to visit 7 of 23.36%. 
The Friedman testing method was used, and the p-value was found to be 0.000 for group 1, therefore p≤0.05, 
which indicates statistically significant change.   
 
Group 2: Visit 1 yielded a mean value of 14,40 (standard deviation = 3.921), visit 4 a mean value of 16.00 
(standard deviation = 3.916), and visit 7 a mean value of 16.80 (standard deviation = 4.050). This showed a 
percentage change from visits 1 to 4 of 11.11% and from visits 1 to 7 of 16.67%. 
The Friedman test found the p-value to be 0.000 for group 2, therefore p≤0.05, indicating statistically 
significant change. 
 
Group 3: Visit 1 yielded a mean value of 14.80 (standard deviation = 2.440), visit 4 a mean value of 16.10 
(standard deviation = 2.424), and visit 7 a mean value of 17.00 (standard deviation = 2.357). This showed a 
percentage change from visit 1 to visit 4 of 8.78% and from visits 1 to 7 of 14.86%. 
Again, the Friedman testing method found the p-value to be 0.001 for group 3, therefore p≤0.05, which 
indicates statistically significant change. 
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Table 4.16: Wilcoxon Signed Rank test p-values for groups 1, 2 and 3 RLF 
 Visit 1-4 Visit 1-7 
Group 1 0.005 
p≤0.05 
0.004 
p≤0.05 
Group 2 0.007 
p≤0.05 
0.004 
p≤0.05 
Group 3 0.020 
p≤0.05 
0.011 
p≤0.05 
 
As seen in table 4.16, further intra-group analysis using the Wilcoxon signed rank test for changes between 
the visits was performed. 
Group 1 yielded the following results: between visits 1 and 4 (P=0.005), and visits 1 and 7 (P=0.004). Visits 
1 to 4 and visits 1 to 7 showed statistically significant results as p≤0.05. 
Group 2 yielded the following results:  between visits 1 and 4 (P=0.007), and visits 1 and 7 (P=0.004). Visits 
4 to 7 and visits 1 to 7 also showed statistically significant results p≤0.05. 
Group 3 yielded the following results: between visits 1 and 4 (p=0.020), and visits 1 and 7 (p=0.011). Again, 
this showed statistically significant results as p≤0.05. 
 
Figure 4.6 illustrates the changes in the average degrees of RLF range of motion for groups 1, 2 and 3 over 
visits 1, 4 and 7, as displayed above in table 4.15. 
Lumbar Spine RLF Mean ROM 
 
 
Figure 4.6: Lumbar spine RLF mean ROM for groups 1, 2 and 3 over visits 1, 4 and 7 
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b) Inter-group analysis 
The Kruskal-Wallis testing was used to compare the three groups at each visit. On visit 1 the test yielded a 
p-value of 0.640, on visit 4 the test yielded a p-value of 0.923 and on visit 7 the test yielded a p-value of 
0.877. Therefore, between all groups at each visit p>0.05, which means there was no statistically significant 
difference between the groups compared to each other over the study period. 
Due to the results above, the use of the Mann-Whitney U tests was not indicated. 
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CHAPTER 5 – DISCUSSION 
5.1 Introduction 
The purpose of this study was to determine which treatment protocol - spinal manipulative therapy and 
dynamic taping of the lumbar spine in isolation and then as a combined therapy - was the most effective in 
the relief of chronic low back pain. This chapter summarises, and in addition discusses, the statistically 
significant results of the intragroup and intergroup analyses captured in chapter 4, with results retrieved using 
the NPRS, ODI and the digital inclinometer. The discussion aims to link the statistical significance from the 
results that were interpreted in chapter 4 with the information presented in the chapter 2 literature review, in 
order to form evidence-based support that may provide clinical significance and reasoning. Results from 
other studies that may relate with this study will also be integrated into the discussion, with the aim of 
strengthening and drawing conclusions on the therapies.    
5.2 Demographic Data 
5.2.1 Age 
This study included 30 participants that were randomly put into three groups of 10. The ages of the 
participants ranged from 22-55 years of age, complying with the inclusion criteria range of 18-55 years of age 
as discussed in chapter 3. The mean age distribution for participants in group 1 was 28 years old, that of 
group 2 30.30 and Group 3 27.70. Thus all the groups were comparable. All the participants were under 56 
years of age, thus limiting the possibility of including participants with degenerative changes that generally 
occur with increasing age (Kelly, Groarke, Butler, Poynton and O’Byrne, 2011).    
5.2.2 Gender 
The demographic of gender distribution within this trial was as follows: group 1 showed a percentage of 50% 
males and 50% females. group 2 was distributed with a percentage of 40% males and 60% females, and 
Group 3 comprised 50% males and 50% females. This resulted in a total distribution of 46.7% males and 
53.3% females, also illustrated in table 4.1. The groups were very close to equal distribution and were 
comparable. This means that the results would not be skewed or show any gender bias when relating to the 
effectiveness of the treatments. It has been shown in previous studies that women have a higher prevalence 
of chronic low back pain among all age groups (Wang, Wang and Kaplar, 2016). This study had similar 
outcomes to that of Wang, Wang and Kaplar (2016) (that women have a higher prevalence of low back pain), 
although by only a small percentage in this study. 
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5.3 Subjective data 
5.3.1 NPRS Summary of results 
a. NPRS clinical analysis 
The percentage change in the NPRS scores calculated using the mean scores of each group on visits 1 and 
7 showed the following: group 1 decreased by 88.33%, group 2 by 65.85%, and group 3 decreased by 
89.47% (Tables 4.2, 4.4 and 4.6). Figure 4.1 illustrates a similar trend in the participants’ perception of pain 
over the duration of the trial. 
b. NPRS intragroup analysis 
Using the Friedman test for statistically significant changes over time within the 3 groups, the p-value was 
found to be 0.000 for all three groups, therefore p≤0.05, which indicates statistically significant changes. The 
Wilcoxon Signed Rank test was used to find out between which time periods (visits 1 and 4 and visits 1 and 
7) the statistically significant differences occurred. Statistically significant changes occurred between all the 
visits in all groups in terms of the NPRS (represented in tables 4.3, 4.5, 4.7). Group 1 showed statistically 
significant changes of (p≤ 0.05) between visits 1 and 4 (p=0.004) and visits 1 and 7 (p=0.005); group 2’s 
statistically significant changes were (p ≤ 0.05) between visits 1 and 4 (p=0.004), and visits 1 and 7 (p = 
0.003) and group 3 showed statistically significant changes (P ≤ 0.05) between visits 1 and 4 (p=0.005), and 
visits 1 and 7 (p = 0.005). 
c. NPRS intergroup analysis 
The Kruskal-Wallis test was then applied to the data to test for differences among the groups over the time 
periods. This revealed statistically significant differences between the groups on visits 4 and 7 as p≤0.05. 
The above result indicated a need for further analysis using the Mann-Whitney U test to determine between 
which of the groups there was a statistically significant result. As previously mentioned, a Bonferroni 
adjustment was made to the p-value, with the new p-value being 0.017. On visit 4, between Groups 2 and 3, 
the p-value was 0.001 (p≤0.017), which means that there was a statistically significant difference between 
them. On visit 7, the Mann-Whitney U test between group 1 and group 2 yielded a p-value of 0.001 (p≤0.017), 
indicating no statistically significant difference between them. Between groups 2 and 3, the p-value was 
0.001, therefore p≤0.017, which means that there was a statistically significant difference between them on 
visit 7.   
5.3.2 ODI Summary of results: 
a. ODI clinical analysis 
In terms of the percentage decrease in the ODI scores calculated using the mean scores of each group on 
visit 1 and 7, group 1 participants had a decrease of 79.56% in their ODI scores, group 2 participants had a 
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decrease of 45.81% in their ODI scores, while Group 3 had a decrease of 77.10% (Tables 4.9, 4.11 and 
4.13). Figure 4.2 illustrates a similar trend in the participants’ perception of pain over the duration of the trial. 
 
b. ODI intragroup analysis 
Further analysis was done using the Friedman testing method for statistically significant changes over time 
within the three groups. The p-value was found to be 0.000 for all three groups, therefore p≤0.05, which 
indicates statistically significant changes. The Wilcoxon Signed Rank test was done to find out where the 
above-mentioned changes occurred between the visits in groups 1,2 and 3. This test found statistically 
significant changes between all the visits (1-4 and 1-7) in all groups in terms of the ODI, which is represented 
in tables 4.10, 4.12 and 4.14. groups 1, 2 and 3 showed statistically significant change (p ≤ 0.05) between 
visits 1 and 4 (p = 0.005) and visits 1 and 7 (p = 0.005).  
c. ODI intergroup analysis 
The Kruskal-Wallis testing was used to compare the three groups at each visit. Visit 4 yielded a p-value of 
0.001. Visit 7 yielded a p-value of 0.004. Therefore on visits 4 and 7 p≤0.05, which means that there was a 
statistically significant difference between the groups in terms of the ODI. 
Further intergroup analysis was then done to determine which groups showed statistically significant 
differences on the 4th and 7th visit. The Mann-Whitney U test was applied, which meant that one had to make 
the criteria for determining significance stricter by applying a Bonferroni adjustment. This entails dividing the 
original p-value of 0.05 by the number of groups. In this case, three more tests were done and the new p-
value was 0.017 (p≤0.017). 
On visit 4, the Mann-Whitney U test between group 1 and group 2 gave a p-value of 0.001, therefore p≤0.017, 
which means there was a statistically significant difference between them. Between groups 2 and 3 there 
was a p-value of 0.005, therefore p≤0.017, which means there was a statistically significant difference 
between them (Table 4.15). On visit 7, the Mann-Whitney U test between group 1 and group 2 yielded a p-
value of 0.004, therefore p≤0.017, which means there was a statistically significant difference between them. 
Between group 2 and group 3, the p-value was 0.005, therefore p≤0.017, indicating a statistically significant 
difference between them on the 7th visit. 
The above results reveal that in terms of the ODI scores on visits 4 and 7, there were statistically significant 
differences between group 1 and Group 2, as well as between group 2 and group 3. 
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5.3.3 Subjective data discussion 
All the groups showed impressive results in decreasing the chronic low back pain of the participants in the 
trial, resulting in some participants leaving the study pain-free. group 3 was the most improved with 89.47%, 
followed closely by group 1 with 88.33% and group 2 with 62.85% improvement on the NPRS. In the ODI, 
Group 1 was the most improved with 79.56%, followed by group 3 with 77.10% and lastly Group 2 with 
45.81%. All three groups showed a significant improvement in decreasing the perception of the participants’ 
pain, but group 2 did not show as much of a significant improvement as groups 1 and 3, with both these 
groups showing very similar statistically significant differences.  
The Kruskal-Wallis test and then the Mann-Whitney U test were done comparing statistics between the 
groups for both the NPRS and ODI, and there were found to be statistically significant changes between 
groups 1 and 2 (p=0.001) and between groups 2 and 3 (p=0.001) in the NPRS score on visit 7. There were 
also statistically significant differences between groups 1 and 2 (p=001) and between groups 2 and 3 (p=005) 
on visit 4, as well as between 1 and 2 (p=0.004) and between 2 and 3 (p=0.005) on visit 7 regarding pain 
reduction in the ODI. There were no statistically significant differences between groups 1 and 3 on any of the 
visits concerning the NPRS or ODI, showing that those two treatment protocols had very similar results and 
effects in decreasing the participants’ pain. 
The Friedman test showed that all the groups had significant and statistical improvements within each group 
over the clinical trial period in terms of the patients’ perception of pain and with reference to the NPRS and 
ODI data. The Wilcoxon Rank test gave insight into what time periods statistically significant differences 
occurred. Group 2 had a similar trend to groups 1 and 3 in terms of decreasing pain in the first and fourth 
visits, but the period between visits 4 and 7 proved to be less effective than the other two groups, with groups 
1 and 3 both scoring a mean value of 7.6 and group 2 a mean value of 2.2 on the ODI on visit 7 (a lower 
score refers to a lower pain perception value). Likewise, when referring to the NPRS on the last visit, group 
1 scored a mean value of 0.6, group 3 a value of 0.7 and group 2 a high 2.6 (a lower score refers to a lower 
pain perception value). There was a similar trend when compared with the ODI data between the groups. 
These results may be due to the dynamic tape’s effect to only partially and temporarily reduce some of the 
load on the structures involved in the low back (Dynamic Tape, 2017).  
Groups 1 and 3 had a common treatment protocol, which seemed to be the main reason for the statistically 
significant and clinical differences. The chiropractic spinal manipulation, which was a part of groups 1 and 3 
treatment protocols, was clearly the superior protocol in this study for decreasing the participants’ pain 
perception from visits 4 to 7. This is supported by a similar study by French (2014), which compared 
chiropractic spinal manipulation to kinesio tape in the treatment of chronic neck pain. The group that received 
chiropractic spinal manipulation had the greater and superior outcome in terms of decreasing the subjective 
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data (pain). The results of this study proved that the groups which included spinal manipulative therapy were 
more effective in the treatment of chronic low back pain. These results also support the results from a study 
done by Descarreaux et al. (2004) on “intensive spinal manipulations effective for the treatment of chronic 
low back pain”, which showed spinal manipulative therapy as being effective in treating chronic low back 
pain. The reasoning behind this may be due to the continuous effects that the chiropractic manipulation has 
on the deeper tissues each time it is delivered to the area of dysfunction or restriction. The chiropractic spinal 
manipulation has been shown to be effective in helping with muscle spasm, joint restrictions, pain reduction, 
breaking adhesions and increasing or restoring mobility and function to the area (Bergemann and Peterson, 
2011). 
If there is an injury to either the facets, discs or deep tissues, the body’s reflex response mechanism is 
generally to protect the area and, in most instances, it causes the muscles surrounding the area of 
dysfunction or injury to tighten or go into spasm, forming a splitting reaction (Gatterman, 2005). This 
mechanism can sometimes be of benefit, but in other circumstances it can have the opposite effect, perhaps 
if the inflammation goes on for too long or is allowed to be uncontrolled, or if it decreases the blood supply to 
the area and causes hypomobility or adhesions in the areas involved. This in turn may decrease the nutrition 
for healing purposes, and also prevents the inflammatory products in the area of injury from moving out of 
the area, thus allowing for the inflammation to build up, leading to stimulation of pain nociceptors. This 
process may also initiate the start of degeneration in the tissues (Buckwalter, 2002). The dynamic tape might 
not affect the deeper structures which may be involved in the low back pain as it is applied more superficially. 
Shortly after the dynamic tape is applied, it may allow for the superficial muscles to relax or reduce the load 
and increase the drainage and blood supply by lifting the skin, which may help some low back injuries to 
some extent (Dynamic Tape, 2017). The tape may also decrease the need for the recruitment of the more 
superficial muscles that could be involved in the initiation or maintenance of the reflex-splitting response, 
whose function is to protect or support the injury (McNiell and Pederson, 2009). According to McNiell and 
Pederson (2009), dynamic tape may decrease the work that the tissues would usually need to generate, 
whilst improving posture and allowing for the spine to function more correctly in dynamic or static posture. 
This ability of the tape seemed to have a generalised, immediate and short-term effect on decreasing pain 
from the time the tape was applied, but did not continue its initial trend from visits 4 to 7 like in the other two 
groups. Although there has been no research on dynamic tape’s effect on chronic low back pain, there were 
similar results in two studies by Celenay and Kaya (2017) and Castro-Sánchez, Lara-Palomo, Matarán-
Peñarrocha, Fernández-Sánchez, Sánchez-Labraca, and Arroyo-Morales, (2012) that used kinesio tape 
quite effectively for short-term low back pain management. 
In a study done by Kamali, Senaei and Taherkhani (2017) on “comparing spinal manipulation with or without 
kinesio taping in the treatment of chronic low back pain”, no significant differences were found  between the 
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kinesio tape and the spinal manipulative therapy groups, although both treatments proved to be effective in 
decreasing pain in the chronic low back pain patients. This study differs from the previous study just 
mentioned because there was a statistically significant difference observed between the groups with spinal 
manipulative therapy and the one with only dynamic taping (especially from visits 4-7) in terms of pain 
reduction. Long term, the dynamic tape may not have enough effect as it does not really fix or alter the root 
cause like the manipulation may do.  This might be why a similar pattern for all three groups in the period 
between visits 1 and 4 regarding pain reduction was seen, but not from visits 4 to 7. The manipulation may 
remove the restriction of the spinal joint, release menisci entrapments and have an inhibitory or regulatory 
effect on the surrounding muscles, allowing for increased mobility and thus providing more nutrients to be 
delivered to the area for healing (Bergemann and Peterson, 2011).  
Another potential way in which spinal manipulation may inhibit or decrease pain is by way of the ‘pain gate 
theory’, which may induce analgesia. The pain gate theory proposes that at the junction where the peripheral 
afferent nerves interact with the central nervous system in the dorsal horns of the spinal cord, there is a ‘gate’ 
which is influenced by a few factors such as an internal inhibitory descending pathway and activity from other 
peripheral nerves (Mendell, 2014). The theory also states that noxious stimulation may be overridden by 
activity in other mechanoreceptors or proprioceptors (Mendell, 2014). The spinal manipulation may do this 
by stimulating somatic mechanoreceptors and proprioceptors in the tissues, which may override or block the 
input of the afferent nociceptors, preventing these impulses from reaching and being perceived by the central 
nervous system, thus providing a central analgesic effect (Bergemann and Peterson, 2011). During the force 
applied by the spinal manipulation, there is also simultaneous removal of some of the inflammatory products 
due to increasing mobility, as well as decreasing the activation of the nociceptive afferent nerves, decreasing 
the impulses that the brain may perceive as pain. 
5.4 Objective Data (Lumbar Range of Motion) 
5.4.1 Lumbar spine flexion range of motion summary of results: 
a Lumbar spine flexion range of motion clinical analysis 
Figure 4.3 illustrates the changes in the mean values of flexion for all the groups per visit. Clinically, group 1 
improved by 14.50%, group 2 improved by 12,30% and group 3 by 15,79% between visits 1 and 7 (tables 
4.17, 4.19 and 4.21). 
b Lumbar spine flexion range of motion intragroup analysis 
The Friedman test was applied for statistically significant changes over time within the three groups. The p-
value was 0.000 in all the groups, therefore p≤0.05, which indicates there were significant differences in 
flexion for all three groups. After using the Wilcoxon Signed Rank test, there was found to be a statistically 
significant difference in all three groups between visits 1 and 4. For group 1, between visits 1 and 4 (p=0.008), 
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and between visits 1 and 7 (p=0.005) (represented in table 4.18). In group 2 between visits 1 and 4 (p=0.005), 
and between visits 1 and 7 (p=0.005) (represented in table 4.20), and for group 3, statistically significant 
differences were also seen between visits 1 and 4 (p=0.005), and between visits 1 and 7 (p=0.005) 
(represented in table 4.22). 
 
c Lumbar spine flexion range of motion intergroup analysis 
The Kruskal-Wallis test was used to determine if there were statistically significant differences between the 
three groups at each visit. There were no significant differences noted between the groups for lumbar spine 
flexion. 
5.4.2. Lumbar spine extension range of motion summary of results: 
a. Lumbar spine extension range of motion clinical analysis 
Figure 4.4 illustrates the changes in the mean values of extension for all the groups per visit. Clinically, 
between visits 1 and 7 group 1 improved by 26.72%, group 2 by 25.24% and group 3 by 29.46% (tables 4.23, 
4.25 and 4.27). 
b. Lumbar spine extension range of motion intragroup analysis 
The Friedman testing method tested for statistically significant changes over time within the three groups. 
The p-value was found to be 0.000 in all the groups, therefore p≤0.05, which indicates significant differences 
in extension of the lumbar spine for each of the three groups. 
Further intra-group analysis using the Wilcoxon Signed Rank test to see changes between the visits was 
applied. In group 1, there were statistically significant differences between visits 1 and 4 (p=0.005) and 
between visits 1 and 7 (p=0.005) (table 4.24). group 2 also demonstrated a significant difference between 
visits 1 and 4 (p=0.016) and visits 1 and 7 (p=0.004) (table 4.26), as did group 3 between visits 1 and 4 
(p=0.004) and visits 1 and 7 (p=0.005) (table 4.28). 
c. Lumbar spine extension range of motion intergroup analysis 
The Kruskal-Wallis test was used to compare the three groups at each visit. On visit 4, the test yielded a p-
value of 0.018 and on visit 7, the test yielded a p-value of 0.016. On visits 4 and 7, the tests yielded a p-value 
of p≤0.05 and therefore there were statistically significant differences between the groups when compared 
with each other over the time period. Due to the results above, use of the Mann-Whitney U tests were 
indicated for further analysis to determine between which of the groups there was a statistically significant 
result. As previously mentioned, a Bonferroni adjustment was made to the p-value, with the new p-value 
0.017. On visit 4, the Mann-Whitney U test between group 1 and group 2 yielded a p-value of 0.014, therefore 
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p≤0.017, which means there was a statistically significant difference between them. On visit 7, the Mann-
Whitney U test between groups 1 and 2 yielded a p-value of 0.010, therefore p≤0.017, indicating statistically 
significant differences between those groups. 
5.4.3 Lumbar spine left Lateral flexion (LLF) range of motion summary of results: 
a. Lumbar spine left lateral flexion (LLF) range of motion clinical analysis 
Figure 4.5 illustrates the changes in the mean values of left lateral flexion for all the groups per visit. Clinically, 
between visits 1 and 7 group 1 improved by 22.53%, group 2 improved by 10.39% and group 3 by 17.61% 
(tables 4.31, 4.33 and 4.35 respectively). 
b. Lumbar spine left lateral flexion (LLF) range of motion intragroup analysis 
Using the Friedman testing method for statistically significant changes over time within the  groups, the p-
value was found to be 0.000 in group 1, therefore p≤0.05, which indicates there were significant differences 
in LLF for this group. In group 2 the p-value was 0.044, therefore p≤0.05, also indicating significant 
differences in LLF, and the same for group 3, whose p-value was 0.000, therefore p≤0.05, also indicating  a 
significant difference in LLF for group 3. 
According to the Wilcoxon Signed Rank test, in Group 1 there were statistically significant differences 
between visits 1 and 4 (p=0.005) and between visits 1 and 7 (p=0.005) (table 4.32), as there were in Group 
2 - visits 1 and 4 (p=0.016) and 1 and 7 (p=0.020) (table 4.34). In group 3, too, there were statistically 
significant differences between visits 1 and 4 (p=0.017) and between visits 1 and 7 (p=0.004) (table 4.36). 
c. Lumbar spine left lateral flexion (LLF) range of motion intergroup analysis 
According to the Kruskal-Wallis test for intergroup analysis, no significant differences were noted between 
groups over the time period for left lateral flexion. 
5.4.4 Lumbar spine right lateral flexion (RLF) range of motion summary of results: 
a. Lumbar spine right lateral flexion (RLF) range of motion clinical analysis 
Figure 4.6 illustrates the changes in the mean values of right lateral flexion for all the groups per visit. Between 
visits 1 and 7, clinically group 1 improved by 23.36%, group 2 showed improvement of 16.67% and group 3 
improved by 14.86% (tables 4.37, 4.39 and 4.41). 
b. Lumbar spine right lateral flexion (RLF) range of motion intragroup analysis 
The Friedman test found the p-value to be 0.000 in group 1, therefore p≤0.05, which indicates there were 
significant differences in RLF for group 1. In group 2, the p-value was 0.000, therefore p≤0.05, which 
indicates there were significant differences in RLF for group 2, and in group 3, the p-value was 0.001, 
therefore p≤0.05, which indicates there was a significant difference in RLF for this group.  According to the 
Wilcoxon signed rank test, group 1 demonstrated statistically significant differences between visits 1 and 4 
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(p=0.005) and between visits 1 and 7 (p=0.004) (table 4.38). In Group 2, there was a statistically significant 
difference between visits 1 and 4 (p=0.007) and visits 1 and 7 (p=0.004) (table 4.40), and group 3 also 
showed statistically significant differences between visits 1 and 4 (p=0.020) and 1 and 7 (p=0.011) (table 
4.42). 
c. Lumbar spine right lateral flexion (RLF) range of motion intergroup analysis 
According to the Kruskal-Wallis test for intergroup analysis, there were no significant differences between 
the groups over the time period.  
5.4.5 Objective data discussion 
The mean values for lumbar flexion in all the visits for the three groups ranged between 41.80 and 52.90 
degrees, falling between 40-60 degrees, which is the normal range of motion for lumbar flexion (Magee, 
2008). The mean values for the groups on lumbar extension ranged from 12.90 to 16.60 degrees, which is 
below the average range of between 20 and 35 degrees reported by Magee (2008). Normal lumbar spine 
lateral flexion ranges from 15 to 20 degrees (Magee, 2008). In the study, left lumbar spine lateral flexion 
mean values ranged from 14.20 to 17.40 degrees, and right lumbar lateral flexion mean values ranged from 
13.70 to 17 degrees. 
We can see that extension, and to some degree bilateral lateral flexion, produced ranges slightly under the 
normal ranges as stated by Magee (2008). The reason for this could be that pain inhibited the range of 
motion, and that specific pain in most of the participants with this chronic low back pain could be related to 
the spine itself and its facet joints. One of the main causes of back pain is a condition called facet syndrome, 
which is described as pain, soreness and stiffness stemming from inflamed or dysfunctional facet joints 
(Physiopedia, 2019). Pain in these facet joints may be elicited most with lateral flexion, extension and rotation 
and eased with forward flexion, supporting the data that was collected in this study (Saravanakumar and 
Harvey, 2008).  
Lumbar spine flexion range of motion: 
All the groups had great success in increasing lumbar flexion in these chronic low back pain participants. 
Group 3 improved the most with 15,79% increased flexion, followed closely by group 1 with 14,50% and 
group 2 with 12,30%. All the groups showed statistically significant differences within their groups for lumbar 
flexion over the 7 visits with the Friedman testing. The Wilcoxon-Signed Rank test showed that there were 
statistically significant differences for each group after visits 4 and 7. The Kruskal-Wallis test showed no 
statistically significant differences between the groups at any of the visit periods, as all three groups showed 
very similar trends in increasing lumbar flexion. Although no study has done be done on dynamic tape’s 
effects on range of motion, there is a similar study which produced similar results by Keles et al. (2017) 
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investigating the short- and long-term effects of kinesio taping on pain and lumbar flexion movement, showing 
significant improvements in these two parameters. The results of another study in the Journal of Manipulative 
and Physiological Therapeutics show that spinal manipulation has a beneficial effect on some patients with 
low back pain, with evidence of lower electromyography activity of hyperactive paraspinal muscles after 
spinal manipulation (DeVocht, Pickar and Wilder, 2005). This latter study showed how a spinal manipulation 
can potentially decrease muscle spasms, as the spasm itself is associated with a higher electromyography 
activity in the muscles around an area of dysfunction. The chiropractic spinal manipulation has also shown 
to have a neurological reflexogenic relaxation/facilitation effect on the adjacent soft tissues relating to the 
segment which is manipulated, as well as an effect on breaking surrounding dysfunctional adhesions when 
the joint is gapped in a certain manner which allows for an increase in flexion range of motion (Cramer et al., 
2011).  
Lumbar spine extension range of motion: 
There were major improvements in lumbar spine extension in all three of the groups. Group 3 improved 
extension the most by 29.46%, group 1 by 26.72% and group 2 by 25.24%. There were statistically significant 
differences within all three groups over the trial. The Wilcoxon-Signed Rank test also revealed that each 
group had statistically significant differences at each of the visits 4 and 7 marks. The Kruskal-Wallis testing 
and Mann-Whitney U test showed that there were statistically significant differences between groups 1 and 
2 (p=0.001), groups 2 and 3 (p=0.005) on visit 4, groups 1 and 2 (p=0.004) and groups 2 and 3 (p=0.005) on 
visit 7. There were no statistically significant differences between groups 1 and 3 once again, with group 2 
seeming to be the odd one out as it did not have the spinal manipulation as part of its protocol. The 
chiropractic spinal manipulation applied to the lumbar region seemed to have a greater effect on increasing 
lumbar spine extension than the dynamic taping method. This could be due to the known effect that the 
adjustment is able to influence and help with increasing the range of the joints to which it is delivered 
(Bergemann and Peterson, 2011). On extension, the tissues involved that are most likely to inhibit range of 
motion are the facet joints of the spinal vertebra, bony approximation and other ligamentous tissues 
surrounding the joints. Dysfunction of the facet joints is a very common contributor of chronic low back pain 
(Manchikanti et al, 2004). That said, dynamic tape may not have a direct influence on these structures 
because it is applied superficially and does not involve an input force directed at these facet joints, so if the 
source of pain in these participants is in the facet joints and closely associated tissue, it makes sense that 
the dynamic tape will not have a direct effect when compared to spinal manipulation. If in these circumstances 
it was the facet joints that were mainly affected by the manipulation, correction of the restrictions or activation 
of pain gate (previously explained) in these facet joints would allow for the increased range of motion that 
was observed in this study. Dynamic tape had some good results in increasing extension in the lumbar spine, 
but to a lesser extent when compared to the other two groups, whose treatment included spinal manipulative 
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therapy. The effects of dynamic tape are supported by research that suggests it reduces the load on the 
muscles over which it is applied, thereby decreasing possible muscle spasm - which occurs in the first place 
to attempt to protect the injured area (McNiell and Pederson, 2009). It may decrease muscle spasms by the 
tape acting on the injured area as another supporting structure so that fewer muscle fibers are needed to be 
recruited. This may allow the muscles to lengthen rather than form tight bands or spasms. As a result, an 
increased range of motion in each spinal segment is observed because the muscles are not so tight. The 
combination of both therapies seemed to have a superior outcome, as reported earlier. This group (Group 3) 
had the most improved effect on increasing extension in the trial when compared with the groups that used 
single therapy protocols. This result could be due to the two treatments having a complementary or 
synergistic effect when used with each other on chronic low back pain patients. The complementary factors 
that could have influenced the results could be the dynamic tape’s ability to off-load the muscles in the low 
back, allowing them to disengage to some extent (McNiell and Pederson, 2009), as well as the spinal 
manipulation having a direct and indirect effect on the restricted spinal segments, which in turn allowed for 
the increased range witnessed (Bergemann and Peterson, 2011). The results may have proved to have 
favoured combination therapy even more compared to the single therapy protocols if there had been a larger 
sample size.  
 Lumbar lateral flexion range of motion: 
All three groups improved the participants’ left lateral flexion range of motion over the trial, with group 1 
(22.53% increase) improving the range the most, followed by group 3 (17.61% increase) and then group 2 
(10.39% increase). On visit 7 all of the groups also improved right lateral flexion, with group 1 (23.36% 
increase) improving the range the most, followed by group 2 (12.86% increase) and group 3 (14.86% 
increase). There proved to be statistically significant differences within all the groups (right and left lateral 
flexion) at visits 4 and 7, proving that all three treatment protocols were effective to some degree in improving 
overall lateral flexion in either direction. The Kruskal-Wallis testing revealed no significant differences 
between the groups over the trial, showing that any of the treatment protocols may be effective for increasing 
lateral flexion in chronic low back pain patients. The differences between sides, and which group improved 
lateral flexion the most on each side, were mainly attributed to the fact that different participants entered the 
study with pain on different sides of the body, and their pain levels influenced their lateral flexion. The result 
for lateral flexion is slightly inconclusive because the data was not able to be linked back and compared with 
the side of the participant the pain was initially on. Chiropractic spinal manipulation, as explained for forward 
flexion, has the ability to increase range of motion and decrease pain by removing mechanical sources of 
pain and stimulating peripheral mechanoreceptors via the ‘pain gate theory’, allowing for the results seen in 
this study for lateral flexion (Bergemann and Peterson, 2011; Mendell, 2014). Lateral flexion to the ipsilateral 
side (right) will produce more tension of the tape applied along the contralateral side (left) of the spine.  Just 
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like for forward flexion, dynamic tape is able to reduce the load on the tissues involved by absorbing and 
storing some of the energy as the elastic tape lengthens during an eccentric contraction. Then towards the 
end range, the tape is able to re-inject the energy back into the concentric movement to lighten the load and 
recruit fewer muscle fibres (Dynamic Tape, 2017). In this way, the muscles are able to relax more and be 
supported during the full lateral range of motion (McNiell and Pederson, 2011).  
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CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS  
6.1. Conclusion  
The aim of this study was to determine the efficacy of chiropractic manipulation and dynamic taping of the 
lumbar spine in isolation and then as a combined therapy in the treatment of chronic mechanical low back 
pain. 
The subjective data was collected using the NPRS and the ODI. The digital inclinometer was used to 
determine the range of motion of the participants (objective data).  
There were statistically significant improvements in the NPRS and the ODI scores for all the groups, with 
special mention given to group 1 and group 3, whose results were most impressive. The groups that included 
spinal manipulative therapy as part of their protocols had the most effect on decreasing pain from visits 4 to 
7, but showed similar trends for visits 1 to 4 when compared to the group with only dynamic taping. All the 
groups had statistically significant improvements for increasing the range of motion in these participants. The 
groups that included spinal manipulative therapy had a greater effect on increasing extension compared to 
the dynamic taping group. The reason for this could be that the spinal manipulative therapy had a direct as 
well as an indirect effect on the spinal joints, which may have been the root cause for the participants’ chronic 
low back pain. The dynamic tape may have had an indirect (offloading) and generalised effect on muscles, 
but may not have treated the root cause of the mechanical low back pain.  
This study showed that the two groups that included spinal manipulative therapy showed very similar trends 
and outcomes through the trial. All the treatment protocols proved to be effective in treating chronic 
mechanical low back pain, as all the groups showed impressive statistically significant results in decreasing 
and improving range of motion in the participants. This research may have provided an alternative 
independent treatment protocol for chronic mechanical low back pain sufferers, especially in the case of 
patients with any contra-indications to manipulation and other chiropractic techniques. 
6.2. Recommendations 
It is recommended that the following should be considered when undergoing or improving any studies that 
relate to this one: 
1. Target a group of people of similar activity levels or specific athletes (e.g. cricketers or golfers). 
2. Increase the overall sample size with more participants so that there can be a more accurate 
representation of the population, and so that there may be more statistically significant differences 
that may favour a treatment protocol. 
3. Compare the responses to the treatment protocols of different age groups. (e.g. 20-30 years old vs 
40-50 years old). 
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4. A control group could be used rather than a combination group, so that there can be a neutral group 
to compare the results of two different treatment protocols. 
5. There could be an effort to schedule specific dates for treatments to make sure an equal time frame 
is enforced between treatments. 
6. A once-off follow-up study can be done a month later to see the long-term effects of the treatment 
protocols that were applied. 
7. A study comparing dynamic tape to kinesio tape in the treatment of chronic low back pain or in 
increasing range of motions in dancers. 
8. A study to compare dynamic tape and lumbar spinal manipulation and the effects they have on 
paraspinal muscles using an Electromyogram (EMG). 
9. A study comparing dynamic taping and lumbar flexion distraction on chronic low back pain and range. 
10. The side on which the participant’s pain is on could be recorded, and the participants grouped 
accordingly, in order to determine more accurate statistically significant differences. 
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